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ACmOTHLEDaEDITS
The w r i t e r  w ish e s  to  e x p r e ss  a p p r e c ia t io n  to  P r o fe s s o r  M elvin  
S* M orris f o r  h i s  gu id an ce and a s s i s t a n c e ,  vd.thout w hich th e  s u c c e s s fu l  
co m p le tio n  o f  t h i s  s tu d y  w ould have been  im p o s s ib le .
A p p r e c ia tio n  i s  a ls o  e x p r esse d  f o r  th e  t e c h n ic a l  and f in a n c ia l  
a s s i s t a n c e  o f  Dean Ross W illiam s and th e  S ch o o l o f  F o r e s tr y , and to  
Mr. Roger H ungerford f o r  a s s i s t a n c e  in  c o l l e c t i n g  f i e l d  d a ta .
INTRODUCTION
Sagebrush  ( A r te m is ia  t r id e n t a t a  N u t t . )  in  v a r y in g  d eg rees  o f  
d e n s i t y  c o v e r s  la r g e  a rea s  in  s e v e r a l  s e c t io n s  o f  th e  S t a t e ,  In  w estern  
M ontana, d en se i s o l a t e d  s ta n d s  o f  sa g eb ru sh  o ccu r  n ea r  L on ep in e, Gardner 
C reek , M isso u la , S te v e n sv i l l e , G reenough, H e lm v il le ,  L in c o ln , Townsend, 
H elen a , B u tte ,  VJhite S u lfu r  S p r in g s ,  B arb er , S h er id a n , and i n  R och ester  
Creek n ea r  Twin B r id g e s . Many o th e r  sa g eb ru sh  a r e a s ,  ra n g in g  in  s i z e  from  
a few  p la n ts  to  s e v e r a l  a c r e s ,  a ls o  o c c u r . The l a r g e s t  con tin u ou s area  
o f  sa g eb ru sh  in  th e  S t a te  ex ten d s  from  th e  B ig  H ole B a t t l e f i e l d  N a tio n a l 
Monument on th e  w e s t ,  th e n c e  so u th ea stw a rd  th rou gh  th e  C en ten n ia l V a lle y  
t o  th e  w est boundary o f  Y e llo w sto n e  Park ( f i g .  l ) .
V ery l i t t l e  h erb aceou s fo r a g e  i s  produced  under d en se  s ta n d s  o f  
sageb ru sh  ( B la i s de11 1953)^* A lthough  sa geb ru sh  p rod u ces a  c o n s id e r a b le  
volume o f  annuail grow th , i t  i s  l i t t l e  u se d  by l i v e s t o c k .  That th e s e  
sageb ru sh  a re a s  d i f f e r  in  fo r a g e  p r o d u c tio n  from  a d ja c e n t sa g e b r u sh -fr e e  
g r a s s la n d s  i s  o f  c o n s id e r a b le  econom ic s i g n i f i c a n c e .
In  a d d it io n  to  th e  l e s s e r  amounts o f  u sa b le  f e e d  produced on th e s e  
a r e a s ,  th e  sageb ru sh  s ta n d s  may become so  d en se th a t  th e y  p r e s e n t  a s e r io u s  
o b s t a c le  t o  th e  movement o f  l i v e s t o c k —  e s p e c i a l l y  sh e e p . L oss o f  both  
sh eep  and lambs in  su ch  a r e a s  may become s e r io u s .  P u l l in g  o f  th e  f l e e c e  
by th e  s t i f f  lim b s  o f  th e  m ature o r  dead p la n t s  may m a t e r ia l ly  reduce i t s  
v a lu e .  Because o f  th e  d i f f i c u l t y  o f  c o n t r o l  o f  th e  herd and th e  reduced  
v i s i b i l i t y ,  l o s s e s  due t o  c o y o te s  and o th e r  p re d a to rs  may be in c r e a s e d .
P r o te c t io n  o f  th e  s o i l ,  a lw ays m ost im p ortan t in  p a s t o r a l  manage­
m en t, may be s e r i o u s l y  a f f e c t e d  in  sa g eb ru sh  a r e a s .  The l e s s e r  amounts 
o f  th e  f ib r o u s - r o o te d  p e r e n n ia l  g r a s s e s  and th e  con seq u en t r e d u c t io n  in
1 L it e r a tu r e  c i t e d .
o Great F a l l s
Issoula
i
Dillon
SAGKRRUSH DISTRIBUTION 
V/ESTERN MONTANA
Forest’ 
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s u r fa c e  l i t t e r  p erm its  g r e a te r  r u n o ff  and s o i l  l o s s  and l e s s e r  r e te n t io n  
o f  s o i l  m o istu re*
B efo re  recom m endations a re  made f o r  management, c o n tr o l  or  removal 
o f  t h e s e  s ta n d s ,  i t  i s  n e c e s s a r y  t o  e v a lu a te  th e  e c o lo g ic a l  p o s i t io n  o f  
th e  s p e c ie s  i n  M ontana. Land m anagers f a c e  a  d i f f e r e n t  problem  where 
sageb ru sh  o ccu rs  in  a g r a s s la n d  c lim a x  th an  where sa geb ru sh  i t s e l f  i s  
c lim a x . VJhen e lim in a te d  from  a c lim a x  g r a s s la n d , sageb ru sh  would n o t  
o r d in a r i ly  be e x p e c ted  t o  re in v a d e  where th e  c lim a x  v e g e ta t io n  i s  p r o p e r ly  
m a in ta in ed . In  a  sa g e b r u sh -g r a ss  c l im a x , how ever, c o n tr o l and management 
would p ro b a b ly  be aim ed a t  m a in ta in in g  a r e l a t i v e l y  open sta n d  o f  sagebrush  
w ith  a com plem entary s ta n d  o f  v ig o r o u s  g r a s s e s .  F in a l ly ,  a c c u r a te ly  
ju d g in g  range c o n d it io n  r e q u ir e s  an u n d ersta n d in g  o f  sa g e b r u sh 's  e c o lo g ic a l  
p o s i t io n  in  th e  range v e g e t a t io n .
The o ccu rren ce  o f  sa g eb ru sh  i n  a re a s  o f  a p p a r e n tly  d iv e r s e  en v iro n ­
m en ta l c o n d it io n s  has n a t u r a l ly  l e d  t o  much i n t e r e s t  in  i t s  e c o lo g ic a l  p o s i ­
t i o n .  M ontana, l y i n g  a c r o s s  th e  n o r th ern  f r in g e  o f  i t s  ra n g e , o f f e r s  an 
e x c e l l e n t  o p p o r tu n ity  f o r  th e  s tu d y  o f  th e  f a c t o r s  l i m i t i n g  i t s  d i s t r ib u ­
t i o n .  The many d i s c r e t e  a r e a s  o f  sa g eb ru sh  r a n g in g  in  s i z e  from  a few  
a c r e s  t o  s e v e r a l  to w n sh ip s p erm it th e  i s o l a t i o n  o f  en v iron m en ta l f a c t o r s  
to  a d eg ree  n o t p o s s ib le  i n  th e  G reat B asin  to  th e  south* Furtherm ore, 
i t s  d i s t r ib u t io n  i n  w estern  Montana made i t  p o s s ib le  t o  s tu d y  th e  e c o lo g y  
o f  th e  s p e c ie s  from  an academ ic a s w e l l  a s  a p u r e ly  econom ic s ta n d p o in t .
I t  i s  th e  p u rp ose  o f  t h i s  s tu d y  t o  d e te rm in e , in s o f a r  a s p o s s i b l e ,  
th e  f a c t o r s  g o v er n in g  th e  d i s t r ib u t io n  o f  t h e s e  sageb ru sh  a rea s  in  
v fe s te m  M ontana.
u
REVIEW OF LITERATURE
The W estern Range R eport (F o r e s t  S e r v ic e  1936) in d ic a t e s  th a t  
th e  p r e se n t  9^ , 5 0 0 ,0 0 0  a c re s  o f  sa g eb ru sh  la n d  has in c r e a s e d  from  a 
p r e - s e t t le m e n t  a rea  o f  n o t more th a n  9 0 ,0 0 0 ,0 0 0  a c r e s .  Presum ably  
t h i s  e x te n s io n  o f  i t s  range has o ccu rred  in t o  g r a ss la n d  ty p e s  both  
"ivithin i t s  o r ig in a l  b o u n d a ries  and i n  p e r ip h e r a l  a r e a s .
C lem ents (1 9 2 8 ) ,  S to d d a rt and Sm ith (1 9 4 3 ) ,  Weaver and Clem ents 
(1 9 3 8 ) and Sampson (1 9 5 2 ) have r e p o r te d  th e  c lim a x  p o s i t io n  o f  sageb ru sh  
in  th e  a r id  or s e m i-a r id  a re a s  o f  th e  G reat B asin  ap p roxim atin g  th e  10  
in c h  o r  lo w er  r a i n f a l l  b e l t .  T h orn th w aite  (1 9 3 1 ) l i s t s  sageb ru sh  as  
c lim a x  i n  th e  s e m i-a r id  m icroth erm al a rea  where p r e c ip i t a t io n  d e f ic ie n c y  
o ccu rs  a t  a l l  sea so n s*  L a te r , in  h i s  d is c u s s io n  o f  g r a ss la n d  c lim a te s  
(T h orn thw aite  1952) he in d ic a t e s  th a t  sageb ru sh  g e n e r a l ly  occu rs under  
lo w er  m o is tu r e  c o n d it io n s  th a n  t a l l ,  m ixed , o r  s h o r tg r a s s  p r a i r i e ,  in
a rea s  o f  a lm ost co n tin u o u s  m o is tu re  d e f i c i t ,  *' where o n ly  th e
w id e ly  spaced  d e s e r t  v e g e t a t io n  o f  sageb ru sh  and greasew ood can su r v iv e  
th e  p e r io d s  o f  lov/ s o i l  m o is tu r e  c o n te n t ."  The 9 0 ,0 0 0 ,0 0 0  a c r e s  o f  i t s  
o r ig in a l  range l i s t e d  in  th e  W estern Range R eport (F o r e s t  S e r v ic e  1 9 3 6 ) ,  
how ever, would n e c e s s a r i ly  p la c e  a t  l e a s t  some o f  i t s  range in  a rea s  o f  
h ig h e r  r a i n f a l l .  The r e p o r ts  o f  Fremont (1846  , Hayden ( 1 8 7 1 ) and o th e r  
e x p lo r e r s  in d ic a t e  th e  p r im it iv e  o ccu rren ce  o f  sageb ru sh  in  a rea s  o f  
c o n s id e r a b ly  h ig h e r  r a i n f a l l .  C o s tin g  (1 9 4 8 ) c o n s id e r s  sageb ru sh  
c lim a x  in  th e  n o r th ern  p a r t  o f  th e  G reat B asin  or  a t  h ig h  a l t i ­
tu d e s ."  Pechanec and S tew art (1 9 4 9 ) r e p o r t  th a t  good t o  e x c e l l e n t  
s a g e b r u sh -g r a ss  range has n o t s e r i o u s l y  changed s in c e  s e t t le m e n t ,  and 
p ro d u ces  from  two t h ir d s  t o  a l l  o f  i t s  p o t e n t ia l  fo r a g e . They in d ic a te d  
t h a t  few  sa g eb ru sh  s e e d l in g s  occu rred  on im p rov in g  r a n g e s , but were
5
numerous on d e g e n e r a tin g  s a g e b r u sh -g r a ss  r a n g e s . P ie m e is e l  (193Ô) 
c o n s id e r e d  a com b in ation  o f  sa g eb ru sh  and g r a s s  to  be th e  h ig h e s t  typ e  
o f  v e g e t a t io n  t o  be e x p ec te d  in  th e  n a tu r a l  r e v e g e ta t io n  o f  c e r ta in  
c le a r e d  sa geb ru sh  la n d s  in  th e  n o rth ern  Great B a s in . B l a i s d e l l  (1953)  
r e p o r ts  :
"A lthough th e r e  may have been  c o n s id e r a b le  l o c a l  v a r ia t io n  
from  h eavy  s ta n d s  o f  sa g eb ru sh  to  a lm o st pure g r a s s la n d , th e  
m ajor p a r t  o f  th e  p r e s e n t  sa g e b r u sh -g r a ss  ty p e  was p rob ab ly  an 
open sta n d  o f  sa geb ru sh  w ith  some o th e r  sh r u b s , b en eath  which  
t h r iv e d  a v ig o r o u s  s ta n d  o f  p e r e n n ia l  g r a s s e s  and fo r b s ."
VJhen o c c u r r in g  o u ts id e  o f  th e  G reat B a s in , sageb ru sh  has been  
l i s t e d  a s  a c lim a x  dom inant (E g g le r ,  1941; Daubenm ire, 1 9 4 2 , 1 9 4 6 ) , as  
a m inor component o f  th e  c lim a x  a s s o c ia t io n  (S to d d a rt 1941) and as sub­
c lim a x  o r  d i s c lim a x  (C lem ents 1 9 2 8 ; Weaver and C lem ents 1938; S tod d art  
and Sm ith 1943; M orris 1945; T is d a le  1947; Sampson 1952; and Cooper 
1 9 5 3 ) .
Daubenmire (1 9 4 0 ) ,  i n  h is  s tu d y  o f  th e  Agropyron bunchgrass p r a ir ie  
o f  s o u th e a s te r n  W ashington r e p o r ts  th e  a f f i n i t y  o f  sageb ru sh  f o r  sandy  
s o i l s  and stream  t e r r a c e s .  S te w a r t , Cottam and H utch ings (1 9 4 0 ) in  a 
s tu d y  o f  th e  s a l t  d e s e r t  p la n t  a s s o c ia t io n s  o f  w es ter n  Utah re p o r t th a t  
sageb ru sh  may send  r o o ts  80 t o  90 cm. deep i n  u s u a l ly  porous s o i l s ,  r a r e ­
l y  p e n e tr a t in g  s o i l s  vd.th o v er  1 ,0 0 0  ppm* s a l t .  The Range P la n t  Handbook 
(F o r e s t  S e r v ic e  1 937) in d ic a t e s  th a t  sageb ru sh  does n o t g e n e r a l ly  o ccu r  
on s o i l s  o f  g r a n i t i c  o r ig in .
C lem ents (1 9 3 4 , 1 9 3 6 ) ,  Weaver and C lem ents (1 9 3 6 ) ,  C lem ents and 
S h e lfo r d  (1 9 3 9 ) ,  S to d d a rt (1 9 4 1 ) ,  S to d d a rt and Sm ith (1 9 4 3 ) ,  M orris  
(1 9 4 5 ) ,  T is d a le  (1 9 4 7 ) , Lommasson (1 9 4 8 ) ,  Sampson (1 9 5 2 ) ,  B l a i s d e l l  
(1 9 5 3 ) ,  and P e te r so n  (1 9 5 3 ) have r e p o r te d  s ig n i f i c a n t  changes i n  sa g e­
brush  d i s t r ib u t io n a l  p a t te r n s  due t o  d is tu r b a n c e  o f  f i r e  o r  g r a z in g .  
Humphrey (1 9 4 5 ) d is c u s s e s  th e  sa geb ru sh  ty p e  a s f o l lo w s :
E x te n s iv e  range a rea s  in  th e  P a c i f i c  N orthw est 
th a t  now have a b ig  sa geb ru sh  a s p e c t  w ere a t  one tim e la rg e ly -  
co v ered  by p e r e n n ia l  g r a s s e s .  A g rad u a l breakdown o f  t h i s  
c o v e r  under poor g r a z in g  m ethods reduced  c o m p e tit io n  f o r  
m o is tu r e , see d s  o f  th e  sa g eb ru sh  were tram p led  in t o  th e  ground 
by th e  hooves o f  g r a z in g  a n im a ls , and th e  ty p e  changed from  
g r a s s la n d  to  sa g eb ru sh .
O ther e x t e n s iv e  a r e a s ,  l a r g e l y  where p r e c ip i t a t io n  was 
l e s s  o r  m o istu re  c o n d it io n s  l e s s  f a v o r a b le ,  were sageb ru sh -  
co v ered  when th e  f i r s t  w h ite  man saw th e  r e g io n .”
Cooper (1 9 5 3 ) in  a r e c e n t  s tu d y  on th e  e f f e c t  o f  g r a z in g  trea tm en t on
a sageb ru sh  community n ear T e n s le e p , Wyoming, found t h a t ,  when r e le a s e d
from heavy g r a z in g  p r e s s u r e ,  i n  e ig h t  y e a r s  sa g eb ru sh  was reduced  from
a 50 p e r  c e n t  co v era g e  t o  10 p er  c e n t ,  w h ile  in  an a d ja c en t p a stu re  w ith
no change in  g r a z in g  p r a c t ic e  th e  sageb ru sh  co m p o sitio n  was unchanged.
daubenmire (1 9 4 0 ) ,  how ever, found no s ig n i f i c a n t  change i n  sageb ru sh
d i s t r ib u t io n  due to  th e s e  f a c t o r s  in  th e  Agropyron bunchgrass p r a ir ie
o f  so u th e a s te r n  W ashington .
E g g le r  (1 9 4 1 ) ,  in  h is  s tu d y  o f  prim ary s u c c e s s io n  on v o lc a n ic
d e p o s it s  in  so u th ern  Id a h o , in d ic a te d  th a t  a change in  r e l a t i v e  d e n s ity
m ight o ccu r  in  th e  p r e s e n t  sa g e b r u sh -g r a ss  ty p e  under com p lete  p r o te c t io n
from  f i r e  and g r a z in g , but th a t  th e  ty p e  w ould n ot change from sagebrush
t o  g r a s s .  He d e s c r ib e d  s e v e r a l  sm a ll r e l i c t  a r e a s ,  one o f  w hich was
se p a r a te d  from  any f i r e  or  g r a z in g  d is tu r b a n c e  by a p p ro x im a te ly  one
m ile  o f  l a v a ,  w here a lm ost pure s ta n d s  o f  b u n ch grass o c c u r . These
a r e a s ,  how ever, he c o n s id e r e d  a t y p ic a l .
Craddock and F o r s l in g  (1 9 3 8 ) found th a t  o v e r g r a z in g  ten d s  to
r e s u l t  i n  a pure s ta n d  o f  sa g e b ru sh , w hereas com p lete  p r o t e c t io n  ten d s
t o  p erm it g r a s s  to  become a t  l e a s t  e q u a l ly  a s  im p ortan t as sageb ru sh  in
th e  c l im a t ic  c lim a x . Daubenmire (1 9 4 2 ) r e p o r t s ;
”  The in f lu e n c e  o f  h eavy  g r a z in g  upon th e  savanna­
l i k e  A rtem isietu m  te n d s  t o  e l im in a te  f i r s t  th e  la r g e  fo r b s  and
g r a s s e s ,  and th en  th e  s m a lle r  p la n t s ,  so  th a t  under extrem e  
g r a z in g  th e  ground betw een  th e  shrubs becom es a lm ost b arren  o f  
v e g e t a t io n .  • • • Under co n tin u ed  g r a z in g  and in  th e  ab sence  
o f  f i r e ,  th e r e  i s  a ten d en cy  towqrd th e  developm ent o f  a b i o t i c  
c lim a x  c o n s i s t in g  o f  a n e a r ly  pure s ta n d  o f  A r tem is ia  t r id e n t a t a ."
Booth ( 1947) ,  w orking on th e  e f f e c t  o f  c o m p e tit io n  betvfeen g r a ss
and sageb ru sh  on sageb ru sh  grow th and r e p r o d u c t io n , found th a t  in  h is
s tu d y  a rea  i n  so u th  c e n t r a l  Montana sa g eb ru sh  s e e d l in g s  w ere un ab le to
m a in ta in  th e m se lv e s  a g a in s t  g r a ss  c o m p e tit io n  in  unused or l i g h t l y  u sed
a r e a s .  Sagebrush  r e p r o d u c t io n , he fo u n d , was c h a r a c t e r i s t i c  o f  d is tu r b e d
a r e a s  o n ly .
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METHODS AND PROCEDURES
«
B ecause o f  i t s  h ig h ly  d iv e r s e  p a t te r n  o f  c l im a t e ,  top ograp hy, 
v e g e t a t io n ,  s o i l s ,  and h i s t o r y  o f  u se  v æ stern  Montana was chosen  as 
th e  g e n e r a l s tu d y  a r e a . The s tu d y  a rea  ex ten d ed  e a s t  as f a r  a s th e  
e a s te r n  boundary o f  Vvheatland C ounty, a t  a p p ro x im a te ly  th e  109th  m eri­
d ia n . E le v a t io n s  in  th e  s tu d y  a rea  ranged  from  3 ,0 0 0  f e e t  near M issou la  
t o  a p p ro x im a te ly  9 ,0 0 0  f e e t  a t  th e  summit o f  th e  G r a v e lly  Range.
In  mapping th e  g e n e r a l iz e d  d i s t r ib u t io n  o f  sageb ru sh  throughout  
w estern  M ontana, e v e r y  a v a i la b le  so u rce  o f  r e l i a b l e  in fo r m a tio n  was 
u se d . The f i n a l  b ou n d a ries  o f  th e  sageb ru sh  t y p e ,  how ever, were drawn 
d u rin g  f i e l d  t r i p s  to  th e  v a r io u s  a rea s  con cern ed  ( f i g .  1 ) .  In  a d d it io n  
to  th e  sageb ru sh  ty p e s  l i s t e d  on th e  map, s e v e r a l  la r g e  a re a s  w ith  a 
d e f in i t e  g r a s s la n d  a sp e c t  c o n ta in e d  s c a t t e r e d  sageb ru sh  p la n t s ,  a lth ou gh  
th e s e  w ere n o t numerous enough t o  dom inate th e  ty p e . Examples o f  t h i s  
a re  th e  g r a s s la n d s  around Bozeman and th e  a rea  n o r th  and e a s t  o f  
L ew istow n.
L oca l ty p e  maps were drawn t o  show in  d e t a i l  th e  r e la t io n  o f  
sa geb ru sh  to  v a r io u s  s o i l  f a c t o r s ,  top o g ra p h y , g r a z in g  and f i r e .  These 
w ere drawn w ith  p la n e  t a b le ,  a e r i a l  p h o to s , or by p a c in g  and com pass.
In  s e l e c t i n g  p a ir e d  a rea s  f o r  in t e n s iv e  s tu d y , o n ly  th o se  p a ir s  
d i f f e r i n g  in  a s in g le  apparent c h a r a c t e r i s t i c  were ch o sen . Thus, n orth  
ex p o su re  was arrayed  a g a in s t  so u th  ex p o su re  t o  e v a lu a te  to p o g ra p h ic  in ­
f lu e n c e s ,  and t h e s e  in  tu rn  a g a in s t  u p lan d s and sw a le s ;  h eavy g r a z in g  
was compared vd.th c o n s e r v a t iv e  g r a z in g  o r  n o n -u se ;  l i g h t  s o i l s  w ere com­
p ared  w ith  h eavy s o i l s ;  and chernozem , c h e s tn u t  and brown s o i l s  w ere  
compared w ith  each  o th e r .
A n a ly s is  o f  th e  P h y s ic a l  Environm ent 
W eather Bureau p r e c ip i t a t io n  r e c o r d s , w h ile  n o t a s a t i s f a c t o r y  
in d ex  o f  m o istu re  a t  any p a r t ic u la r  s i t e  even  w ith in  a few  m ile s  o f  
th e  s t a t i o n ,  were n e v e r t h e le s s  e f f e c t i v e  in  e s t a b l i s h in g  th e  se a so n a l  
p a t te r n  o f  p r e c ip i t a t io n  in  th e  sa g eb ru sh  and g r a s s la n d  a r e a s  ( f i g .  2 ) .
L o ca l v a r ia t io n s  in  s i t e  w ere o f te n  o b serv ed  w ith in  a few  f e e t  
o f  each  o th e r ,  g e n e r a l ly  due t o  th e  e f f e c t s  o f  s lo p e ,  ex p o su re , d r a in a g e , 
p r o t e c t io n  o r  ex p o su re  to  w in d , o r  o th e r  f a c t o r s .  F r e q u e n tly  th e s e  
o b serv ed  d i f f e r e n c e s  were s t r i k i n g  enough to  e f f e c t  a change in  s o i l  
zon e.
Thorne and P e te r so n  (1 9 4 9 ) ,  f o l lo w in g  th e  work o f  S c h r e in e r  and 
Brown (1 9 3 9 ) ,  have shown th e  r e la t io n s h ip  betw een  o rg a n ic  m a tter  c o n ten t  
and m ajor s o i l  z o n e s . U sin g  th e  n itr o g e n -c a r b o n  r a t io  method o f  d e te r ­
m in ing  o r g a n ic  m a tte r , th e y  found th a t  th e  su r fa c e  s i x  in c h e s  o f  s o i l  in  
chernozem s c o n ta in e d  3 t o  6 , c h e s tn u ts  2 t o  4 , brown s o i l s  2 to  3 ,  gray  
d e s e r t  s o i l s  1  t o  2 ,  and red  d e s e r t  s o i l s  0 .5  t o  1 p e r  c e n t  o rg a n ic  m a tte r .  
T h is ser v e d  as a b a s is  f o r  l o c a l  e v a lu a t io n  o f  s o i l  z o n e s .
In  t h i s  e v a lu a t io n ,  p e r  c e n t  o r g a n ic  m a tter  was p lo t t e d  a g a in s t  th e  
n e a r e s t  com parable W eather Bureau s t a t io n  p r e c i p i t a t i o n .  In  o rd er  to  r e ­
duce th e  e r r o r  ca u sed  by th e  e f f e c t  o f  s lo p e ,  exp osu re and m ic r o c lim a te ,  
extrem e s i t e s ,  e i t h e r  x e r i c  o r  me s i c ,  w ere d is c a r d e d . No m easure o f  th e  
r e l i a b i l i t y  o f  th e  cu rve  was made, a lth o u g h  i t  i s  b e l ie v e d  th a t  v a lu e s  
ta k e n  from  th e  sm oothed cu rve a re  r e p r e s e n ta t iv e  o f  th e  broad s o i l  zones  
( f i g .  3 ) .
A n a ly s is  o f  S o i l s  
S o i l  sam p les were ta k en  from  33 s i t e s  th rou gh ou t th e  s tu d y  a r e a .
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Of t h e s e ,  16  w ere p a ir e d  g r a s s  t o  sa g eb r u sh , and 6 w ere p a ir e d  l i g h t  
s ta n d  o f  sa g eb ru sh  a g a in s t  d en se s ta n d  o f  sa g eb ru sh . The b a la n ce  o f  
th e  s o i l  sam p les w ere s in g le s - - n o  r e a so n a b ly  s im i la r  s i t e  w ith  a 
s i g n i f i c a n t l y  d i f f e r e n t  f l o r i s t i c  c o m p o sit io n  co u ld  be found in  th e  
v i c i n i t y .
A co m p o site  s o i l  sam ple was ta k en  from  a t  l e a s t  two h o le s  a t  
d ep th s o f  0  to  6 in c h e s ,  6 t o  12 in c h e s ,  and 12  t o  24 in c h e s ,  c o r r e s ­
p o n d in g  ro u g h ly  t o  th e  th r e e  s o i l  h o r izo n s*  The p o r t io n s  u sed  f o r  s o i l  
m o istu re  d e te r m in a t io n s  w ere p la c e d  i n  a i r - t i g h t  aluminum c a n i s t e r s ,  
w hich  w ere w eigh ed  im m ed ia te ly  upon r e tu r n  t o  th e  U n iv e r s i t y .  The s o i l  
m o istu re  sam p les averaged  350 gram s.
S o i l  m o is tu r e  sam ples w ere ta k en  o n ly  i f  th e  p a ir e d  sa n p le s  were 
ta k en  on t h e  same d ay . S o i l  m o is tu r e  r e a d in g s  were n o t a ttem p ted  a f t e r  
e a r ly  J u ly .
M ech an ica l a n a ly s i s  o f  th e  s o i l s  was made by th e  hydrom eter  
m ethod (Bouyoucos 1 9 5 1 ) .  S a l i n i t y  was d eterm in ed  by th e  S o lu -B r id g e  
S o i l  T e s t e r ,  I n d u s t r ia l  In s tr u m e n ts , I n c .  (M erkle and D uncle 1 9 4 4 );  pH 
was d eterm in ed  by th e  Beckman pH M eter. O rganic mac t e r  was d eterm in ed  
b y  th e  Cenco-Vfilde c o lo r im e tr ic  method (Vf i l  de 1 9 4 2 ) . A l l  t e s t s  o th e r  
th a n  m ech a n ica l w ere run in  d u p l ic a t e .
A n a ly s is  o f  V e g e ta t io n
V e g e ta t io n  was a n a ly ze d  by th e  l i n e  in t e r c e p t  method (C a n fie ld  
1 9 4 1 ; Hormay 1 9 4 9 ) .  F i f t y  f o o t  l i n e  t r a n s e c t s  w ere u se d .
In  p la c e  o f  th e  more cumbersome a g e -fr e q u e n c y  d e te r m in a t io n s ,  
th e  more r a p id  h e ig h t- fr e q u e n c y  a n a ly s is  was u se d . T h is was b ased  on 
th e  a ssu m p tion  th a t  h e ig h t  i s  c o r r e la t e d  w ith  age i n  sageb ru sh  as in
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m ost o th e r  p la n t s .  The c o r r e la t io n  o f  h e ig h t  \v ith  age in  th r e e  
t y p i c a l  sa g eb ru sh  com m unities i s  i l l u s t r a t e d  in  F ig u re  4*
T e n -fo o t  d ia m eter  c ir c u la r  p l o t s  were u sed  in  th e  h e ig h t -  
fr e q u e n c y  a n a l y s i s .  The p l o t s  w ere e s t a b l i s h e d  a t  50 or  100 f o o t  in ­
t e r v a l s  a lo n g  random ly e s t a b l i s h e d  l i n e s .  O nly th o se  p la n ts  v/hose cen­
t e r  stem  f e l l  w ith in  th e  c ircu m feren ce  o f  th e  p lo t  were t a l l i e d .
Throughout th e  s tu d y , b o t a n ic a l  n om en clatu re fo llo w e d  H itch cock  
(1 9 5 0 ) f o r  a l l  g r a s s e s ,  and D avis (1 9 5 2 ) f o r  a l l  o th e r  p la n t s .
A n a ly s is  o f  P a st Use 
Of th e  many f a c t o r s  in f lu e n c in g  sageb ru sh  d i s t r ib u t io n ,  h i s t o r y  
o f  p a s t  u se  was m ost d i f f i c u l t  o f  d e te r m in a t io n . Vtfhenever p o s s i b l e ,  
r a n c h e r s , e a r ly  r e s id e n t s ,  or  o c c a s io n a l ly  F o r e st  S e r v ic e  and S o i l  
C o n serv a tio n  S e r v ic e  p e r so n n e l w ere q u e s t io n e d  about e a r ly  u se  o f  th e  
a r e a . The s e p a r a t io n  o f  cu rren t u se  from  p a s t  u se  was e s p e c i a l l y  
d i f f i c u l t  in  v iew  o f  th e  la c k  o f  perm anent r e c o r d s . For exam ple, a 
P a lo u se  P r a ir ie  b u n ch grass community found in  th e  r e l i c t  fe n c e d  
r ig h t - o f -w a y  o f  t h e  M ilwaukee R a ilr o a d  in  G rass V a l le y ,  a lth o u g h  fe n c e d  
s in c e  about 1 9 0 8 , may have been  h e a v i ly  u t i l i z e d  in  th e  20 y ea rs  
p r io r  t o  t h a t  d a te .  O ther a r e a s  now l i g h t l y  u sed  a lm o st c e r t a in ly  
have been  o v e r u t i l i z e d  i n  t im e s  p a s t ,  a s  e v id en ced  by in v a s io n  p a t ­
t e r n s  o f  u n d e s ir a b le  p la n t s —  p a r t ic u l a r l y  Promus te c to r u m . S a ls o la  
k a l i . Schedonnardus p a n ic u la t u s . A r is t id a  s p p . , Chr^rgothamnus sp p . and 
G u tie r r e z ia  s a r o th r a e . H e a lin g  g u l l i e s  and o th e r  e v id e n c e  o f  p a s t  
e r o s io n  w ere c o n s id e r e d  i n d i c a t i v e  o f  p r e v io u s  e x c e s s iv e  d is tu r b a n c e —  
g e n e r a l ly  due to  g r a z in g . A lthough  l e s s  f r e q u e n t ,  some c u r r e n t ly
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h e a v i ly  g razed  a r e a s  gave e v id e n c e  o f  e a r l i e r  c o n s e r v a t iv e  g r a z in g ,  
a s  e v id en ced  by th e  low  amounts o f  n o x io u s  p la n t s  co u p led  w ith  a h ig h  
d e n s i t y  o f  d e s ir a b le  fo r a g e  p la n t s  o f  lo w  v ig o r .  Heavy cu rren t  
u t i l i z a t i o n  was g e n e r a l ly  e v id e n t  in  such  c a s e s .
D e s c r ip t io n  o f  S tudy Areas
As i t  was o b v io u s ly  im p r a c t ic a l  t o  s tu d y  in  d e t a i l  th e  f  l o r i s  t i c s  
o f  e v e r y  sa g eb ru sh  a rea  in  th e  w e ste r n  p a r t o f  th e  S t a t e ,  s e v e r a l  area s  
w ere s in g le d  o u t f o r  in t e n s iv e  s tu d y . E ase o f  com parison o f  a sm a ll 
number o f  en v iro n m en ta l f a c t o r s  such  a s  g r a z in g , s o i l s ,  s o i l  m o is tu r e ,  
e t c ,  was th e  f i r s t  c o n s id e r a t io n  in  th e  c h o ic e  o f  t h e s e  a r e a s .
B ecause o f  t h e i r  sm a ll s i z e  and i s o l a t e d  n a tu r e , as w e l l  as  
t h e i r  p r o x im ity  t o  th e  U n iv e r s i t y ,  s e v e r a l  sageb ru sh  com m unities in  
th e  in ter m o u n ta in  v a l l e y s  o f  w este rn  Montana were ch osen  f o r  in t e n s iv e  
s tu d y ,
M isso u la  C ounty, A sm a ll community o f  sageb ru sh  o ccu rred  in  
G rass V a l le y  a p p ro x im a te ly  f i v e  m ile s  w est o f  M isso u la  a t  an e le v a t io n  
o f  3 ,1 0 0  f e e t .  The su rro u n d in g  range was t y p ic a l  P a lo u se  P r a ir ie ,  w ith  
Agropyron sp ic a tu m , F e stu c a  id a h o e n s is  and F. sca b r e l i a  as th e  m ajor 
dom inant g r a s s e s ,  d ep en d in g  on s i t e .  In  th e  sw a le s  and m o is t  lo w la n d s ,  
Agropyron s m i t h i i  and Elymus c a n a d e n s is  w ere common, S t ip a  comata was 
found g e n e r a l ly  on sand y s i t e s ,  and B ou te lou a  g r a c i l i s  was a b s e n t .
Two p a s t u r e s ,  d i f f e r i n g  o n ly  in  i n t e n s i t y  o f  g r a z in g  and i t s  
r e s u l t s ,  were chosen  f o r  com p arison . They were se p a r a te d  o n ly  by a 
fe n c e d  h ighw ay.
A somewhat sm a lle r  sa g eb ru sh  community was found  on B u t le r  C reek , 
some se v en  m ile s  n o rth w est o f  th e  G rass V a l le y  sa g eb ru sh  t y p e .  The 
B u t le r  Creek sagebrush  occu rred  a t  a somewhat h ig h e r  e l e v a t io n ,  and
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.1 a s l i g h t l y  more m e s ic  f l o r a .  The two a rea s  were 
c o m p le te ly  i s o l a t e d  from  ea ch  o th e r  by g r a s s la n d s .
A nother sa g eb ru sh  com m unity, s u b s t a n t ia l ly  s m a lle r  than  th e  
o th e r  tw o , was fou n d  on B lan ch ard  F la t  n ear  th e  ju n c t io n  o f  th e  B lack ­
f o o t  and C lea rw a ter  R iv e r s  n o r th e a s t  o f  M isso u la .
S an d ers C ounty . The n o r th w e stsm m o st a rea  o f  sageb ru sh  encoun­
te r e d  in  th e  p r e s e n t  s tu d y  was found  in  th e  v i c i n i t y  o f  Hot S p rin gs and 
L on ep in e . T h is  com m unity, c o v e r in g  s e v e r a l  s e c t i o n s ,  bordered  a l k a l i  
f l a t s  a t  i t s  lo w e r  a l t i t u d e s ,  ra n g in g  upward t o  th e  p on d erosa  p in e -  
D ouglas f i r  ty p e .  S o i l s  ranged from  brown a t  th e  lo w er  e le v a t io n s  o f  
th e  sa g eb ru sh  t o  c h e s tn u t  n ear  th e  boundary o f  th e  t im b er  ty p e .
R a v a l l i  C ounty. An e x t e n s iv e  a rea  o f  sageb ru sh  c o v e r in g  a lm ost 
two to w n sh ip s was found  betw een  th e  to \m s  o f  L olo  and S t e v e n s v i l l e  e a s t  
o f  th e  B i t t e r r o o t  R iv e r . A r e l i c t  f e n c e  co rn er  on th e  Hagen Ranch 
w ith in  th e  ty p e  was u se d  a s a b a s i s  f o r  com paring th e  p r e s e n t  f l o r a  
w ith  what was p ro b a b ly  th e  o r i g i n a l  c o v e r .
P o w e ll C ounty. A sm a ll a rea  o f  sageb ru sh  was fou n d  e a s t  o f  
L in c o ln  on dark c h e s tn u t  s o i l .  S o i l  sam ples and p h otograph s o f  th e  
a r e a  were ta k e n , but no f l o r i s t i c  s tu d y  was made. A sharp l i n e  o f  
dem arkation  was found  betw een  sa g eb ru sh  and g r a s s la n d  ( f i g .  5 ) .
A la r g e  area  o f  sa g eb ru sh  was fou nd  on th e  upper B la c k fo o t  near  
H e lm v il le ,  e x te n d in g , a lth o u g h  more o r  l e s s  b rok en , in t o  th e  Nevada 
C reek v a l l e y  and th e  abandoned town o f  F in n . In  t h i s  a r e a , sageb ru sh  
seemed t o  be c o n f in e d  a lm ost e n t i r e l y  t o  th e  a re a  e a s t  o f  th e  B la c k fo o t  
R iv e r . S e v e r a l r e l i c t  a rea s  w ere found  in  t h i s  l o c a l i t y ,  a s  w e l l  as 
s e v e r a l  p a s tu r e s  show ing d i f f e r e n t  d eg r e es  o f  g r a z in g  u s e .  S o i l s  
m t h in  t h i s  community w ere c h e s tn u t s .
B eaverhead  C ounty. The la r g e s t  a rea  o f  sa g eb ru sh  found was
in  B eaverhead  C ounty. T h is  a r e a , e x te n d in g  from  th e  v i c i n i t y  o f  th e
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figure  5
SAGEBRUSH OCCURRENCE ON DARK CHESTNUT SOIL NEAR LINCOLN 
S agebrush  ends a t  an o ld  f e n c e  l i n e  n ea r  L in c o ln ,  
P o w e ll C ounty. N ote sa g eb ru sh  i n  g u l l y  i n  fo reg ro u n d  
surrounded b y  a  v ig o r o u s  s ta n d  o f  F e s tu ca s c ab r e l l a ,
F . id a h o e n s is  and Agropyron sp ica tu m .
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B ig  H ole B a t t l e f i e l d  th rou gh  th e  so u th ern  ends o f  M adison and 
G a lla t in  C o u n t ie s , co v e rs  a l i n e a r  d is ta n c e  o f  a p p ro x im a te ly  150  
m ile s .  T h is  sa geb ru sh  community— o r s e r i e s  o f  com m unities— i s  a s s o c ia t ­
ed  w ith  s e v e r a l  d i s t i n c t  v e g e t a t iv e  t y p e s ,  r a n g in g  from  th e  m ixed  
p r a ir i e  n ea r  D i l lo n  th rou gh  th e  P a lo u se  P r a ir ie  to  th e  s u b -a lp in e  
F e stu c a  a s s o c ia t io n  n ea r  th e  summit o f  th e  G r a v e lly  R ange. Brovm, 
c h e s tn u t  and chernozem  s o i l s  were r e p r e se n te d  in  t h i s  s e r i e s  o f  sa g e ­
b ru sh  com m u n ities.
Broadw ater C ounty. A h o r se sh o e -sh a p e d  a rea  o f  sageb ru sh  was 
found  n o r t h e a s t ,  s o u th e a s t  and so u th w est o f  Townsend, a lth o u g h  none 
was fou nd  i n  th e  d ry  tr e n c h  ru n n in g  northw estw ard tow ard H elen a . S o i l s  
in  t h i s  sa geb ru sh  ty p e  w ere g e n e r a l ly  browns and l i g h t  c h e s tn u ts  and 
w ere g e n e r a l ly  d e r iv e d  from  l im e s t o n e s ,  s h a le s  and o th e r  sed im en ta ry  
r o c k s .  The a s s o c ia t e d  g r a s s la n d s  were g e n e r a l ly  dom inated by Agropyron  
sp icatu m  o r  S t ip a  com ata.
S i l v e r  Bow C ounty. An e x t e n s iv e  a rea  o f  sageb ru sh  was found  
n ear B u t te ,  e x te n d in g  southw ard a c r o s s  th e  c o n t in e n t a l  d iv id e  (w ith  
m inor in t e r r u p t io n s )  t o  j o in  th e  m ajor sageb ru sh  ty p e  w est and so u th  o f  
D i l lo n .  Near B u tte ,  sa g eb ru sh  was found t o  occu r on l i g h t  c h e s tn u t  
s o i l s  o f  g r a n i t i c  o r ig in .  S e v e r a l la r g e  a rea s  o f  Chrysothamnus s p p . ,  
from  w hich  sa g eb ru sh  was v i r t u a l l y  a b s e n t , were fou n d  a d ja cen t to  d en se  
s ta n d s  o f  sa g eb ru sh .
S o i l  sam ples and p h otograp h s were ta k en  in  s e v e r a l  o th e r  a rea s  
d u r in g  f i e l d  mapping o f  th e  t y p e .  Among th e s e  were th e  a rea s  on th e  
Sm ith  R iv er  n ea r  V/hite S u lfu r  S p r in g s , on R o c h e s te r  Creek n ea r  Twin 
B r id g e s ,  in  Dead Mon B a sin  n ea r  B arber i n  W heatland C ounty, and near  
P ray  in  Park C ounty.
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FIELD AND LABORATORY RESULTS 
I n s o fa r  a s  p o s s i b l e ,  sa g eb ru sh  o c c u r r e n c e , c o m p o s it io n , and 
d e n s i t y  were s tu d ie d  w ith  r e s p e c t  t o  c l im a t ic  in f lu e n c e s ,  s o i l  f a c t o r s ,  
and h i s t o r y  o f  u s e ,  o r  v a r io u s  co m b in a tio n s o f  t h e s e  fa c to r s *
C lim a tic  I n f lu e n c e s  
That e x t e n s iv e  s ta n d s  o f  sa g eb ru sh  can grow under a vd.de range o f  
p r e c i p i t a t i o n  i s  e v id e n c e d  by i t s  range e x te n d in g  from  n o rth ern  New 
Me:c_co and A rizon a  t o  Montana and so u th ern  B r i t i s h  Columbia* Sagebrush  
e x te n d s  from  th e  a r e a  o f  w in te r  m o is tu r e  in  th e  G reat B asin  n o rth  in t o  
th e  s p r i n g - f a l l  p r e c ip i t a t io n  a rea  o f  th e  P a lo u se  P r a ir ie  and eastw ard  
in t o  th e  summer r a i n f a l l  a r e a s  o f  th e  G reat P la in sS ^
In  w e s te r n  Montana sa g eb ru sh  may be found in  p r e c ip i t a t io n  zones  
v a r y in g  from  l e s s  th an  10  t o  more th an  20 in c h e s ,  ra n g in g  from  th e  
w i n t e r - r a i n f a l l  a r e a s  o f  th e  w es ter n  in term o u n ta in  v a l l e y s  to  th e  
su m i:ier -ra in fa ll a rea  o f  th e  e a s te r n  p l a i n s .  S ea so n a l d i s t r ib u t io n ,  
th e n , i s  n o t a s e r i o u s l y  l i m i t i n g  f a c t o r .
The w ide a l t i t u d i n a l  range o f  sa g eb ru sh — 1 ,5 0 0  f e e t  to  9 ,0 0 0  
fee t(S a m p so n  1 9 5 2 )— a s w e l l  a s  i t s  l a t i t u d i n a l  range in d ic a t e s  a h ig h  
d eg ree  o f  to le r a n c e  t o  tem p eratu re extrem es*  In  w e ste r n  M ontana, th e  
a l t i t u d i n a l  range o f  sa g eb ru sh  v a r ie s  from  aporo^cim ately 3 ,0 0 0  f e e t  in  
G rass V a l le y  vjest o f  M isso u la  to  more th an  8 ,5 0 0  f e e t  a t  th e  summit o f  
th e  G r a v e lly  Range. S agebrush  o ccu rs  in  th e  c o o l  m o is t  a rea s  o f  th e  
upper B la c k fo o t ,  Vdiite S u lfu r  S p r in g s ,  VJisdom, and th e  C l i f f  Lake- 
Hebgen Lake s e c t io n s  o f  th e  S t a te  a s  w e l l  a s  th rou gh ou t th e  h ot d ry  and
^ C lim a te  and Man. U, S* Dept* Agr* Yearbook o f  A g r ic u ltu r e .  1941*
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c o o l  d ry  a r ea s  o f  so u th ern  M ontana. However, f r e q u e n t ly  sa g eb ru sh  i s  
a b se n t  from  what ap p ears to  be th e  d r i e s t  p o r t io n s  o f  t h e s e  a r e a s .
Whereas sa g eb ru sh  te n d s  to  o ccu r  in  sm a ll i s o l a t e d  a r e a s  r a n g in g  in  
s i z e  from  a few  p la n ts  to  s ta n d s  o ccu p y in g  s e v e r a l  s e c t io n s  i n  th e  
c o o le r  m o is te r  a r e a s  t o  th e  n o r th , i t  e x te n d s  in  th e  so u th  in  a more 
o r  l e s s  c o n tin u o u s  band from  th e  B ig  H ole t o  Y e llo w sto n e  Park.
I n f lu e n c e  o f  S o i l  F a c to r s  
In  o rd er  to  p la c e  th e  broad s o i l  zones on a  r e a so n a b ly  q u a n t i t a t iv e  
b a s i s ,  th e  o rg a n ic  m a tte r  c o n te n t  i n  th e  su r fa c e  s i x  in c h e s  was p lo t t e d  
a g a in s t  th e  n e a r e s t  W eather Bureau p r e c ip i t a t io n  reco rd s  f o r  each  ty p e  
s tu d ie d .  B ecause o f  th e  h ig h ly  d i s s im i la r  m o is tu re  r e la t io n s  on x e r ic  
so u th  s lo p e s  and m o is t  s w a le s ,  th e s e  were d isr e g a r d e d , a s  th e  o rg a n ic  
m a tte r  c o n te n t  o f  t h e s e  s o i l s  would p ro b a b ly  p la c e  them in  a s o i l  zone 
n o rm a lly  found  under s e v e r a l  in c h e s  h ig h e r  o r  lo w er  p r e c ip i t a t io n ,  Even 
in  p l o t t i n g  th e  up land  s o i l s ,  how ever, c o n s id e r a b le  v a r ia t io n  was en­
co u n tered  in  in d iv id u a l  s o i l s ,  p ro b a b ly  due l a r g e l y  to  th e  m inor d i f ­
fe r e n c e s  i n  m ic r o c lim a te , e x p o su r e , and th e  d i f f e r e n c e  in  p r e c ip i t a t io n  
betw een  th e  W eather Bureau s t a t io n  and th e  s o i l  sam p lin g  s i t e  ( f i g .  3)#  
S o i l  t e x t u r e ,  a p p a r e n t ly , p la y s  b u t a m inor p a r t  in  l i m i t i n g  
sa g eb ru sh  d i s t r i b u t i o n  ( f i g .  6 ) .  M oderate to  d en se s ta n d s  o f  sageb ru sh  
were found  on a l l  t e x t u r a l  g ra d es ra n g in g  from  sandy loam s t o  c la y s  
on brown, c h e s tn u t  and chernozem  s o i l s  ( f i g .  ? ) •  The d if f e r e n c e  betw een  
sa g eb ru sh  and a d ja c e n t  g r a s s la n d  s i t e s ,  a s  in d ic a t e d  by p a ir e d  s o i l  
sa m p le s , co u ld  n o t be a t t r ib u t e d  t o  s o i l  t e x t u r a l  c l a s s  (T ab le  I ) .  
Sagebrush  was found t o  o ccu r  on s o i l s  v a r y in g  in  pH from
n
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FIGURE 6A
SAGEBRUSH GROV/ING OU COARSE, GRAVELLY SOIL 
BLACKFOOT RIVER NEAR GREENOUGH
FIGURE 6B
SAGEBRUSH GROVaNG CM FINE TEZCTURED SOIL 
BLACKFOOT RIVER mAR GREENOUGH
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Approximate precipitation—inches
1 Letters H, L and M indicate an observed occurrence on heavy, lig h t , or medium textured s o i l .  
Heavy s o ils  include clays, clay loams and s i l ty  clay loams; lig h t s o ils  include sands and 
sandy loams; medium textured so ils  include sandy clay loams, loams and sandy clays,
FIGURE 7
DISTRIBUTION OF VEGETATION
BY SOIL TYPE AND TEXTURE CLASS
TABLE I  
PAIRED SOIL SAMPLES
Location
S o i l
No*
T ext, Class^ % Organic^ pH PPM S a l in i ty % M oisture
Grass Sage Grass Sage Grass Sage Grass Sage Grass Sage
Hagen Ranch 5a^ sand sandy 1 .0 1 .2 6 .5 6 .6 . 4nan.^ min. 1 1 .5 11*1
b loam 6 .4 7 .2 min. 180 11*2 1 3 .6
c 6 .5 8 .4 320 420 1 1 .7 11*6
Grass V a lley 1 , 8a c la y c la y 1 .5 1 .5 7 .3 7 .1 560 200 1 9 .8 19 .1
b 8 .0 7 .8 320 980 22 .5 1 9 .0
0 7 .8 8 .0 4 ,800 3,700 1 6 .9 1 5 .1
H elm ville 11 , 33a sandy sandy 1 .7 1 .6 6 .2 6 .5 min. 100 20*5
b loam loam 6 .9 6 .8 440 min. 16*4
0 7 .7 8 .0 500 380 1 1 .7
Lonepine 1 4 , 13a c la y c la y 0*2 1 .4 9 .8 8 .6 3,800 2,700 10*5 12*1
( id k a l i  f l a t ) b 10*1 8 .0 6 ,800 6,600 1 3 .2 15 .1
c 9 .9 8 .5 4 ,200 800 1 4 .5 1 5 .1
Barber 21, 22a sandy sandy 2*3 1 .2 7 .8 7 .5 280 200 5 .7 6*7
b c la y c la y 8*0 8*2 320 700 6 .9 1 3 .4
0 loam 8*2 8 ,4 1 ,360 1 ,840 4 .8 14 .4
Radersburg 24, 23a c la y sandy 1 .6 1 .7 8*0 7 .2 380 380 9 .2 5 .2
b loam c la y 8*3 8 .1 280 460 10*6 9 .2
c loam 8*7 8 .2 640 320 8*9 5 .9
Lincoln 30, 31a loam sandy 4 .5 2 .7 6*0 5 .9 min* min.
b loam 6*1 6 .2 min. min.
c 6*1 6 .4 min. min.
D illo n 1 8 , 17a sandy loam 1 .6 1 .3 7 .8 6 .6 260 240 1 5 .0 6*6
b loam 7 .8 8*0 900 880 1 7 .3 8 .0
c 7 .4 8*1 4 ,2 0 0 1 ,720 16*2 8 ,1
1 Texture c la s s  and organic m atter f o r  0 to  6 in ch  s o i l  depths*
2 F ir s t  number i s  grasslan d  s o i l ,  second i s  sagebrush s o il*
3 a , b and c i s  0 to  6 , 6 to  1 2 , and 12 to  24 inch  s o i l  d epths, r e s p e c t iv e ly .
row
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5*9 t o  8 . 6 , a lth o u g h  th e  g e n e r a l range was from  n e u tr a l  t o  s l i g h t l y  
a c id  ( f i g .  8 ) .  On brown o r  l i g h t  c h e s tn u t  s o i l s ,  sa g eb ru sh  ten d ed  to  
o ccu r  on l e s s  a lk a l in e  s o i l s  th a n  th e  a s s o c ia t e d  g r a s s  t y p e s ,  w hereas  
on dark c h e s tn u t  and chernozem s, sa g eb ru sh  s o i l  ten d ed  to  be more a l ­
k a l in e  th a n  th e  a s s o c ia t e d  g r a s s  ty p e s  ( f i g .  9 )# l% ile  th e  d a ta  f o r  
g r a s s la n d s  r e p r e s e n ts  a t  l e a s t  two and p o s s ib ly  th r e e  g r a ss la n d  a s s o c i ­
a t io n s ,  th e  a d ja c e n t  sa g eb ru sh  s o i l s  w ere d ev e lo p ed  under c l im a t ic  and 
g e o lo g ic  c o n d it io n s  s im i la r  t o  th e  a d ja c e n t  g r a s s la n d  s o i l s .
The t o le r a n c e  l i m i t  o f  sa geb ru sh  w ith  r e s p e c t  t o  s o i l  s a l i n i t y  
has been  r e p o r te d  t o  be a p p ro x im a te ly  1 ,0 0 0  ppm, (S tev fa r t, Cottam and 
H utch in gs 1 9 4 0 ) .  On one a l k a l i  f l a t  n ea r  L on ep in e , M ontana, a c o n s id e r a b ly  
h ig h e r  l i m i t  o f  s a l i n i t y — 6 ,6 0 0  ppm.— was found under a  sageb ru sh  sta n d  
b o r d er in g  a s a l t  g r a s s  community ( f i g .  1 0 ) .  No a ttem p t was made t o  de­
term in e  th e  ca u se  o f  such  h ig h  s a l t  t o le r a n c e ;  p o s s ib ly  h ig h ly  s a l t -  
t o le r a n t  v a r i e t i e s  may o ccu r  in  th e  v e r y  la r g e  A r tem is ia  t r id e n t a t a  
g e n e t ic  com p lex . T h is ,  a lth o u g h  r e p r e s e n t in g  th e  h ig h e s t  s a l i n i t y  
v a lu e ,  was n o t  u n iq u e; th r e e  o th e r  s i t e s  ra n g in g  from  1 ,7 2 0  t o  3 ,7 0 0  
ppm. v/ere fou n d  in  th e  s tu d y . W ith one e x c e p t io n  r e p r e s e n t in g  no 
s i g n i f i c a n t  d i f f e r e n c e ,  how ever, sa geb ru sh  grew  on s o i l s  c o n s id e r a b ly  
l e s s  s a l i n e  th an  th e  a s s o c ia t e d  g r a s s la n d s .  T h is was e s p e c i a l l y  n o t ic e ­
a b le  in  th e  lo w  r a i n f a l l  a r e a s  n ea r  L on ep in e , D i l lo n  and B arb er .
An i n t e r e s t i n g  c o r r e la t io n  was found betw een  sageb ru sh  and s o i l  
m o is tu r e  ( f i g .  1 1 ) .  Sagebrush  c o n s i s t e n t l y  grew on s i t e s  ^with s im i la r  or  
b e t t e r  m o istu re  r e l a t i o n s  than  th e  a s s o c ia t e d  g r a s s la n d s .  The b e t t e r  
m o is tu r e  r e l a t i o n s  on such  s i t e s  w ere n o t o b v io u s  when due to  some com­
p e n s a t in g  f a c t o r  such  a s  l e s s e n e d  g r a s s  c o m p e t it io n , r o c k in e s s ,  o r  sand y  
s o i l s .  Under m oderate t o  l i g h t  g r a z in g  i n t e n s i t y ,  once e s t a b l i s h e d ,  sa g eb ru sh
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0-  6" 
6- 12 " 
12-24"
Sagebrush'
f l a t
( D i s t i c h l i s  s t r i c t a )
Sagebrush
pH
( l) G r a s s  (2 )S a g eb ru sh
PPM S a l i n i t y  
G rass Sagebrush
9 .8  
10.1
9 .9
8 .6
8.0
8 .5
3 ,8 0 0
6 ,8 0 0
4 ,2 0 0
2 ,700
6 ,600
800
+ S o i l  sam ple lo c a t io n s ,
FIGURE 10
TOLERAT'ICF LIMITS OF SAGEBRUSH ON AN ALKALINE FLAT 
NEAR LOmPINE, MONTANA
FIOOBE 1 1
SAGEBRUSH DISTRIBUTION IN RELATION TO TOPOffllÂPHÏ
GRASS VALLEY
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was g e n e r a l ly  c o n f in e d  t o  th e  more m esic  n o r th  s lo p e s ,  s w a le s , o r  sandy  
s i t e s  th ro u g h o u t much o f  i t s  range ( f i g ,  1 2 a , b) ; hea\’y  g r a z in g , i-vith 
th e  r e d u c t io n  in  g r a s s  c o v e r  s e r v in g  i n  e f f e c t  t o  in c r e a s e  th e  m o istu re  
a v a i la b le  to  sa g eb ru sh , p e r m itte d  th e  l a t t e r  to  in vad e more x e r ic  s i t e s  
th an  w ere n o rm a lly  a v a i la b le  t o  i t .  In  two a d ja c en t sageb ru sh  a rea s in  
G rass V a lle y  d i f f e r i n g  o n ly  in  i n t e n s i t y  o f  g r a z in g  u s e ,  sa g eb ru sh  made 
up 3 0 .8  p er  c e n t  o f  th e  v e g e t a t iv e  co v er  on th e  m esic  n o r th  s lo p e s  under  
h eavy  g r a z in g  u s e ,  and 2 9 .5  p e r  c e n t  under m oderate g r a z in g  u s e .  On th e  
x e r i c  so u th  s lo p e s ,  h ow ever, sa g eb ru sh  in  th e  h e a v i ly  grazed  p a stu r e  made 
up 3 4 .9  p er  c en t o f  th e  v e g e t a t iv e  c o v e r , w hereas sageb ru sh  c o n s t i t u te d  
b u t 3 .7  p e r  c e n t  o f  th e  co v er  in  t h e  m o d era te ly  u sed  p a stu re  (T able I I ) ,  
W ithin  th e  m o d e ra te ly  u sed  p a s t u r e ,  sageb ru sh  o ccu rred  on s o i l s  whose 
a v era g e  m o is tu r e  c o n te n t  f o r  th e  f i r s t  two f e e t  a t  tim e o f  sam p lin g  
(A p r il  1 0 - 2 2 ,  1 9 5 2 ) was 3 0 .1  p er  c e n t ;  th e  m o istu re  co n ten t o f  th e  g r a s s -  
co v ered  upper s lo p e s  o f  th e  same p a stu r e  averaged  1 9 .7  p er  c e n t .
Two a rea s  o f  t r e e - l i k e  sageb ru sh  were en co u n tered  d u rin g  th e  
co u rse  o f  th e  s tu d y , b o th  o c c u r r in g  on deep sandy u n s ta b le  s o i l s  in  th e  
beds o f  c r e e k s ,  and w ith in  fo u r  o r  f i v e  f e e t  v e r t i c a l l y  o f  th e  w ater  
l e v e l .  The f i r s t ,  in te r m in g le d  w ith  w illo w  and a ld e r  on th e  banlis o f  
th e  Red Rock R iv er  n ear Lima, had unbranched sageb ru sh  trunk  d ia m eters  
up t o  1 1 .2  in c h e s  a t  s i x  in c h e s  above th e  ground. The second  a r e a , in  
R o ch ester  Creek n ea r  TVrin B r id g e s , had sageb ru sh  stem s up to  12 f e e t  2 
in c h e s  in  h e ig h t  ( f i g .  1 3 ) .  In  th e  f i r s t  in s t a n c e ,  sa geb ru sh  on th e  
a d ja c e n t  u p lan d s av era g ed  from  18 t o  20 in c h e s  in  h e ig h t ;  in  th e  se co n d ,  
th e  a d ja ce n t sa g eb ru sh  averaged  22 in c h e s  in  h e ig h t .
The r e la t io n s h ip  betw een  s o i l  sam ples o f  s e v e r a l  p a ir e d  g r a s s  
and sa g eb ru sh  a rea s  i s  shown i n  T able I .  E xcep t f o r  th e  L onepine and
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FIGURE 12A
SAGEBRUSH LIMITED TO MOIST SWALES Â ID NORTH 
EXPOSURES. LIGHTLY GRAZED PASTURE IN GRASS VALLEY
FIGURE 12B 
SAGEBRUSH OCCURRENCE IN SWALES 
DILLON
TABLE I I
COÎ iPOSITION OF ?;V0 RAÎ ÎGES IN GRASS VALLEY NEAR MISSOULA
Lightly grazed Heavily grazed
Total Number « Per cent Total _ Number « Per cent
North exposure intercept of plants composition intercept of plants composition
Achillea lanulosa .2 1.5 .4 1.1 9.5 3.2
Agropyron spicatum 27.5 78.5 61.2 16.9 83.0 46,6
Artemisia tridentata 13.2 22.5 29.5 11.2 26.0 30.8
Chrysothamnus lanceolatus .2 1.0 .4 3.9 11.5 10.7
Koeleria cristata .7 3.0 1.5 .3 2.0 .8
Phlox sp. 1.0 4.0 2.0 1.9 9.0 5.2
Poa secunda • 6 5.5 1.4 .8 7.0 2.2
Stipa comata .2 .5 •4
Vicia americana 1.5 .7 3.2 .2 1.5 .5
Total 45.1 100,0 36.3 100,0
South exposure
Achillea lanulosa .2 1.0 .6
Agropyron spicatum 31.3 11.5 88.1 13.1 50.0 48.8
Artemisia tridentata 1.3 5.0 3.7 9.4 20,0 34.9
Chrysothamnus lanceolatus .9 2.5 2.5 3.6 10.0 13.7
Phlox sp. 1.4 5.5 4.0 .3 2.0 1.0
Poa secunda .6 5.0 1.7 .3 1.5 1.0
Total 35.5 100.0 26.9 100.0
1 Total for three 50-foot transects.
2 Average for three transects.
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R adersburg a r e a s  w hich r e p r e se n t  e x c e s s i v e l y  h ig h  s a l i n i t y  and pH 
v a lu e s ,  no s i g n i f i c a n t  d i f f e r e n c e  can be d e te c te d  in  th e  s o i l  f a c t o r s  
i n  th e  s e v e r a l  a r e a s .
I n f lu e n c e  o f  G razing
The se a r ch  f o r  r e l i c t  a rea s  or  a rea s  show ing a s i g n i f i c a n t l y  
d i f f e r e n t  f l o r i s t i c  c o m p o sit io n  on s im i la r  s i t e s  but under d i f f e r e n t  
p a t te r n s  o f  u se  was one o f  th e  f i r s t  problem s en co u n tered  in  a ttem p tin g  
to  e v a lu a te  g r a z in g  as a f a c t o r  in  th e  d i s t r ib u t io n  o f  sa g eb ru sh .
R e l i c t  o r  o th e r  " fe n c e - l in e "  p a t te r n s  were found  in  th e  B i t t e r r o o t  V al­
l e y ,  Grass V a l le y ,  Hot S p r in g s , upper B la c k fo o t  ( th r e e  a r e a s ) .  G rass­
hopper C reek , D i l l o n ,  and th e  Tobacco Root M ounta ins,
G rass V a l le y , Two fe n c e d  p a s tu r e s  l y in g  on o p p o s ite  s id e s  o f  
o ld  U .S . 10 betw een Frenchtow n and M isso u la  were s tu d ie d  in  some de­
t a i l ,  P a stu re  A, so u th  o f  th e  h ighw ay, was l i g h t l y  to  m o d era te ly  
g ra z e d  a t  th e  t im e  o f  th e  s tu d y , and gave l i t t l e  e v id e n c e  o f  p r e v io u s  
o v e r u s e . However, F e s tu c a  sca b r e l i a , a  h ig h ly  p a la ta b le  in d ic a to r  
s p e c ie s  found  in  a n ea rb y  r a i lr o a d  r ig h t - o f -w a y ,  was n o t  found in  even  
th e  m o d e ra te ly  g razed  p a s tu r e .  P a s tu re  B, n o r th  o f  th e  h ighw ay, was 
h e a v i ly  u se d  a t  th e  tim e o f  th e  s tu d y , and gave ev id e n c e  o f  p r e v io u s  
o v eru se  f o r  a number o f  y e a r s .  Many bare a r e a s ,  th e  low  d e n s i t y  and 
v ig o r  o f  th e  p e r e n n ia l  b u n c h g r a sse s , and th e  abundance o f  n o x io u s  weeds 
( e s p e c i a l l y  G r in d e lia  s q u a r r o sa ) in d ic a t e d  th a t  th e  c u r r en t p a t te r n  
o f  u se  was o f  lo n g  s ta n d in g .
The sagebrush composition on the mesic north slopes of Pasture 
A and Pasture B showed l i t t l e  v a r ia tio n ; sage composed 29.5 percent of 
the v eg eta tiv e  covering of the north slopes in  Pasture A, and 30,8
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p e r  c e n t  in  P a s tu r e  B. In  th e  m o d er a te ly  g razed  P a stu re  A, Agropyron  
sp ica tu m  made up 6 1 ,2  p er  c e n t ,  and in  th e  h e a v i ly  grazed  P a stu re  B,
4 6 .6  p e r  c e n t  o f  th e  c o m p o sit io n . The d i f f e r e n c e  betw een th e  two p a s­
t u r e s  became more o b v io u s in  a com parison  o f  th e  x e r i c  so u th  s lo p e s ;  
w hereas P a stu re  A had o n ly  3*7 p er  c e n t  sa g eb r u sh . P a stu re  B had 3 4 ,9  
p er  c e n t  on com parable s i t e s  (T a b le  I I ) ,  In  a d d it io n .  P a stu re  A con­
ta in e d  a lm o st tw ic e  a s  much Agropyron sp icatu m  as P a stu re  B, or  an in ­
c r e a s e  o f  from  4 8 .8  to  8 8 .1  p er  c e n t .
A h e ig h t- fr e q u e n c y  a n a ly s i s  o f  th e  same two p a s tu r e s  r e v e a ls  
some i n t e r e s t i n g  co m p a riso n s. Twenty s y s t e m a t ic a l ly  sp aced  p l o t s  on 
th e  up lan d  s o i l s  in  each  p a s tu r e  gave e s s e n t i a l l y  th e  same s i z e - c l a s s  
d i s t r ib u t io n .  However, a p p ro x im a te ly  e ig h t  t im e s  a s many sageb ru sh  
p la n t s  w ere en co u n tered  in  th e  h e a v i ly  g razed  as in  th e  l i g h t l y  g razed  
p a s tu r e  (T ab le  I I I ) ,  On th e  r e l a t i v e l y  more m esic  s i t e s  in  t h i s  a r ea ,  
sa g e b ru sh , once e s t a b l i s h e d ,  was a b le  t o  m a in ta in  i t s e l f  a t  a f a i r l y  
h ig h  p o p u la t io n  l e v e l  in  b oth  th e  m o d era te ly  and h e a v i ly  u sed  p a s tu r e s ;  
on th e  d r ie r  upland s o i l s ,  how ever, sageb ru sh  was reduced  t o  a r e l a t i v e l y  
lo w  p o p u la t io n  l e v e l  by th e  h e a lth y ,  v ig o r o u s ly  com p etin g  b u n ch grasses  
on th e  m o d era te ly  u sed  p a s t u r e .
A nother s m a ll ,  d is c o n n e c te d  i s la n d  o f  sageb ru sh  in  th e  M isso u la  
a rea  was found  on B u t le r  C reek , about sev en  m ile s  a i r l i n e  from  th e  
Grass V a lle y  sa g eb ru sh  t y p e .  A n a ly s is  o f  th e  B u t le r  Creek sa g e  area  
in d ic a t e d  th a t  th e  f l o r a  th e r e  i s  s l i g h t l y  more m e s ic , w ith  F e stu c a  
id a h o e n s is  and F , s c a b r e l la  (m is s in g  from th e  G rass V a l le y  ty p e )  as  
t h e  dom inant g r a s s e s  (T ab le  IV ). The d en se but l o c a l i z e d  sageb ru sh  
s ta n d , th e  p r esen ce  o f  o ld  h o ld in g  c o r r a l s ,  and e v id e n c e s  o f  p a s t  
e r o s io n  in d ic a te d  th a t  th e  area  was a t  one tim e v e r y  h e a v i ly  u se d .
Height
class
inches
TABLE I I I
HEIGHT-FREQUÏÏNCY ANALYSIS OF FOUR SAGEBRUSH AREAS
IN IfVESTERN MONTANA
Missoula Centennial Valley Helmville
Pasture Â  Pasture Burned 
No.3 % No. % No.
C liff  Lake
Natural
Area
%
Unburned 
No. %
Lightly , 
No, No.'
grazed Heavily j 
No, No.'
rrazed
% No. %
0- 3 3.4 63.6 29.0 63.8 14.0 81.4 144.0 77.2 29,6 78.3 61,6 77.7 0,6 9.1
4*" 6 1 .0  17.8 9.2 20.4 3.0 17.4 24,0 12.8 2.2 0,8 5.8 8,6 10.8 0,6 9.1
7- 9 0 .6  10.3 3.8 8,4 0 ,2  1,2 6,0 3.2 2.2 0.2 5.8 1.8 2.3 0,4 6,1
10-12 0,2 3.7 2,0 4.4 - 3.0 1.6 1.2 0.8 3.2 0.8 1.0 0.4 6,1
13-15 0,1  0.9 0,9 2,0 3.0 1.6 1.6 0,6 4.3 1 .4 0,2 1.8 0.2 3.0
16-18 0 .2  3.7 0 .4 0.7 1.2 0.6 0.6 0.4 1.5 1 .2 0.2 1.5 0.4 6.1
19-21 0,1 0.1 2.4 1.2 0,4 0.2 1.1 1.0 1 .2 0.2 3.0
22-24 0,1 0.1 1.6 0.9 0,8 1.0 0.8 12,0
25-27 0.1 0.1 1.6 0.9 1.0 1.2 0.4 6.1
28-30 0.8 1.0 1.0 15.1
31-33 0,4 0.5 0 .4 6,1
34-36 0,6 9.1
37-39 0,6 9.1
40+
Total 5.5 45.6 17.2 186,8 37.8 3.0 79.4 0.4 6,6
1 Lightly to moderately grazed pasture south of Frenchtovm road in Grass Valley^
2 Heavily grazed pasture north of Frenchtown road in Grass Valley,
3 Average per 10-foot diameter circular p lo t. Twenty p lots at Missoula, f iv e  at a ll  others.
Plots system atically spaced on upland so ils  at 50 foot in tervals.
4 Dead plants.
TABLE IV
COMPOSITION OF A SAGEBRUSH AREA ON 
BUTLER CREEK NORTffiffiST OF MISSOULA
Species Intercept—feet^ Number of plants Per cent composition
Achillea lanulosa 2.5 la
Agropyron spicatum 1.8 6 2,0
Antennaria sp. 0.8 2 0.9
Artemisia tridentata 47.8 24 53.5
Aster sp. 0.1 1 0.1
Balsamorhiza sagittata 14.0 26 15.6
Bromus tectorum 0.9 2 1,0
Carex f i l i f o l i a 0,3 1 0.3
Festuca idahoensis 13.7 48 15.4
F, scabrella 4.1 9 4.9
Koeleria cr ista ta 0,8 4 0.9
Lithospermum sp. 0.3 1 0.3
Lupinus sp. 1.8 6 2,0
Syraphoricarpos sp. 0.3 1 0;3
Total 89.2 100,0
\jt
1 Total for 150 fee t  of transect l in e .
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The f l o r a  o f  s e v e r a l  h e a v i ly  u sed  p a s tu r e s  a d ja c e n t  t o  th e  
G rass V a l le y  sageb ru sh  ty p e  i s  d i f f i c u l t  o f  e x p la n a t io n  in  th e  l i g h t  
o f  d a ta  o b ta in e d  i n  t h i s  s tu d y . The v e g e t a t io n  o f  one o f  th e s e  a r e a s ,  
a h e a v i ly  u sed  p a stu r e  n ea r  DeSm et, was compared w ith  an a d ja c e n t  r e ­
l i c t  r a i lr o a d  r ig h t - o f -w a y .  Agropyron sp ica tu m  made up 7 0 .3  p e r e c e n t  
o f  th e  c o m p o sit io n  on th e  r e l i c t ,  w ith  F e stu ca  s c a b r e l la  0 ,6  and 
Chrysothamnus sp , 3 .6  p e r  c e n t .  Sagebrush  was n o t found i n  th e  r e ­
l i c t  a r e a . On th e  h e a v i ly  g ra zed  a d ja c en t p a s tu r e , Agropyron sp icatu m  
made up o n ly  49*5 p er  c e n t  o f  th e  v e g e t a t io n ,  F e stu c a  s c a b r e l la  was 
a b s e n t ,  sa g eb ru sh  co m p o sit io n  was o n ly  0 ,2  p er  c e n t ,  but Chrysothamnus 
sp , in c r e a s e d  t o  1 9 .5  p er  c e n t ,  th e r e b y  a p p a r e n tly  ta k in g  th e  p la c e  
o c c u p ie d  b y  sa g eb ru sh  in  th e  B u t le r  Creek and G rass V a lle y  a rea s  (T ab le  V ), 
There was no ap p aren t d i f f e r e n c e  betw een  th e  DeSmet and G rass V a lle y  
s o i l s ,  b oth  b e in g  l i g h t  c h e s tn u t s ,  th e  heavy c la y  s o i l s  b e in g  in  each  
c a s e  o f  l a c u s t r in e  o r ig in .
B i t t e r r o o t  V a l le y . Two s m a ll ,  s e p a r a te  a rea s  o f  sa g eb ru sh  were 
found n ea r  th e  tow ns o f  V ic to r  and G r a n tsd a le . A t h ir d  a r e a , much la r g e r  
th a n  th e  o th e r  tw o , co v er s  a p p ro x im a te ly  two tow n sh ip s in  th e  lo w er  f o o t ­
h i l l s  e a s t  o f  th e  B i t t e r r o o t  R iv er  g e n e r a l ly  n o r th e a s t  o f  S t e v e n s v i l l e .
A r e l i c t  f e n c e  c o m e r ,  unused  f o r  an undeterm in ed  number o f  y e a r s ,  was 
found  in  th e  l a t t e r  a re a  on th e  Hagen Ranch.
In  th e  r e l i c t  a r e a , sa g eb ru sh  composed 6 .4  p er  c e n t ,  and Agropyron  
sp ica tu m  5 1 .5  p er  c e n t  o f  th e  v e g e t a t io n .  In  th e  a d ja c e n t  h e a v i ly  u sed  
p a s t u r e ,  sa g eb ru sh  composed 47*2 p er  c e n t ,  and Agropyron sp ica tu m  6 .2  
p e r  c e n t  o f  th e  v e g e t a t io n  (T ab le  V I ) .  Poa secunda was common in  b oth  
p a s t u r e s .  A la r g e  amount o f  dead sa geb ru sh  was fou n d  in  th e  r e l i c t  a r e a ,  
some o f  w hich was p ro b a b ly  k i l l e d  by a l i g h t  g r a s s  f i r e  two y ea rs  
p r e v io u s .  The f i r e  in  t h i s  ca se  was so  l i g h t  th a t  even  th e  sm a lle r  tw ig s  
o f  th e  sa g eb ru sh  w ere n ot consum ed, e v id e n c e  o f  th e  f i r e  b e in g  fou n d
TABLE V
A CœPARISON OF TRTO PLANT CaWNITIES 
NEAR DeSKET
Ungrazed-'
p
Heavily grazed
Species
Intercept
—feet
No. of 
plants
Per cent 
composition
Intercept 
—fe e t3
No. of 
plants
Per cent 
composition
Achillea lanulosa 2.7 16 6.7
Agropyron spicatum 33.7 136 70.3 20.1 124 49.5
Artemisia tridentata 0.1 1 0 .2
Chrysothamnus sp. 2.7 9 5.6 7.9 22 19.5
Festuca scabrella 0.3 3 0.6
Koeleria cr ista ta 0.1 1 0.2 0.6 4 1.5
Malvastrum sp. 0.6 4 1.5
Phlox sp. 2.4 9 5.0 0.3 2 0.7
Poa pratensis 0.3 2 0.7
P. secunda 8.6 57 17.9 8.0 64 19.7
Vicia sp. 0.2 1 0.4
Total 48.0 100.0 40.6 100.0
1 South of fence in  r e lic t  railroad right-of-way,
2 North of fence in heavily grazed pasture,
3 Total intercept for 1^0 fee t of transect lin e .
TABLE VI
COltPOSITION OF T;70 ADJACENT
RANGE AREAS, HAŒN RAÎ JCH, STEVENSVILLE
Species
Intercept 
per 100 
feet
Plants 
per 100 
fe e t
Per cent 
composition
Intercept 
per 100 
fee t
Plants 
per 100 
feet
Per cent 
composition
Achillea lanulosa 0.2 2.5 1.3 1 .2 12.0 6.0
Agropyron spicatum 7.6 36.5 51.0 1.2 11.5 6.0
Artemisia frig ida 0.3 2.0 2.0 1.3 6.0 6.5
A, tridentata (liv in g) 1.0 1.0 6.7 9.4 17.0 47.3
A. tridentata (dead) 7.2 5.0
Bromus tectorum 0.6 6.0 4.0 0.8 7.0 4.0
Chrysothamnus sp. (liv in g) 0.2 0.5 1.3
Chrysothamnus sp. (dead)^ 0.8 0.5
Koeleria cr ista ta 1.1 10.0 7.4 1.0 11.5 5.0
Lewisia rediviva 0.2 2.0 1.0
Lomatium sp. 0.8 7.0 5.4 0.6 5.0 3.0
Lupinus sp. 0.1 1.0 0.7
Opuntia polycant ha 0.1 0.5 0.7
Poa pratensis 0.7 - 4.7 0.2 - 1.0
P. secunda 1.5 15.5 10.0 3.6 35.0 18,2
Taraxacum o ffic in a le 0.1 0.5 0.7
Tragopogon sp. 0.1 1.5 0.7
Verbascum thapsis 0.1 0.5 0.7
Others 0.4 3.5 2.7 0.4 4.0 2.0
Total 14.9 100.0 19.9 100.0
wO)
1 Some A rtem isia  tr id e n ta ta  and Chrysothamnus sp . apparently k i l l e d  by very  l i g h t  burn 
tvfo years prev iou s ( in  1 950). Range grass o u tsid e  r e l i c t  area to o  th in  to  support f i r e ,  hence 
th e sagebrush in  h e a v ily  grazed pastu re u n a ffected .
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m a in ly  on th e  bark o f  th e  dead sa g eb ru sh  p la n t s  and in  th e  crowns o f  
th e  g r a s s  p la n t s .  The a d ja cen t h e a v i ly  gra zed  range was covered  by  
a g r a s s  c o v er  to o  l i g h t  to  su p p ort f i r e ,  and hen ce was u n a f f e c t e d .  The 
a rea  p ro b a b ly  burned d u r in g  a c o o l ,  m o is t  p e r io d .
Upper B la c k fo o t  V a l le y . A r e l i c t  f e n c e d  road r ig h t -o f -w a y  was 
compared w ith  an a d ja ce n t he._-vily grazed  p a stu r e  n ea r  Brow n's Lake 
n o rth  o f  th e  O van d o-H elm ville  ro a d . In  th e  r e l i c t  a r e a , n e i t h e r  A r te m is ia  
t r id e n t a t a  nor A. t r i p a r t i t a  was fo u n d , w h ile  S t ip a  com ata and S .  Colum­
b ia n a  t o g e th e r  made up 5 6 .7  p er  c e n t  o f  th e  v e g e t a t io n .  On th e  a d ja cen t  
h e a v i ly  g ra zed  p a s tu r e ,  S t ip a  com ata and S , Columbiana w ere n o t encoun­
t e r e d  in  th e  t r a n s e c t s ,  and A r te m is ia  t r id e n t a t a  and A. t r i p a r t i t a  t o ­
g e th e r  composed 8 2 .7  p e r  c e n t  o f  th e  v e g e t a t io n  (T ab le  V I I ) .  Poa 
p r a t e n s i s . a lth o u g h  co m p r is in g  but 4 .4  p e r  c e n t  o f  th e  v e g e t a t io n  in  
th e  r e l i c t  a r e a , made up 1 4 .4  p e r  c e n t  o f  th e  v e g e t a t io n  in  th e  h e a v i ly  
gra zed  p a s tu r e ,  in d ic a t in g  th e  r e l a t i v e l y  m esic  c o n d it io n s  under v/hich  
th e  two s p e c ie s  o f  A r te m is ia  o c cu rr ed . Both a rea s  were f l a t  and r e l a t i v e ­
l y  w e l l  d r a in e d , and th e r e  was no o b v io u s  s i t e  d i f f e r e n c e  in  th e  two 
a r e a s .
Near H e lm v il le ,  th e  v e g e t a t iv e  c o m p o sit io n  o f  two a d ja ce n t p a s ­
t u r e s  d i f f e r i n g  o n ly  in  th e  d eg ree  o f l i v e s t o c k  u t i l i z a t i o n  was compar­
ed ( f i g .  1 4 ) .  In  th e  l i g h t l y  g razed  p a s tu r e ,  sageb ru sh  made up 4 3 .0  
p er  c e n t  o f  th e  v e g e t a t io n ,  Agropyron sp icatu m  1 1 .4  p er  c e n t ,  and th e  
h ig h ly  p a la t a b le  F e s tu c a  s c a b r e l la  1 5 .7  p e r  c e n t .  On th e  a d ja cen t  
h e a v i ly  g razed  p a s t u r e ,  sa g eb ru sh  made up 8 3 .0  p e r  c e n t  o f  th e  v e g e ta ­
t i o n ,  w h ile  A gropyron sp ica tu m  and F e stu c a  s c a b r e l la  were a b se n t .
F e s tu c a  id a h o e n s is  made up 3 .4  p er  ce n t  o f  th e  v e g e t a t io n  under l i g h t  
u s e ,  but was m is s in g  from  th e  h eavy  u se  p a s tu r e .  The abundance o f  Poa
TABLE V II
COMPOSITION OF DfO ADJACENT RANGE
AREAS, BROM'S LAKE, UPPER BLACKFOOT VALLEY
Llghtlj grazed pasture Heavily grazed pasture
Species
Intercept 
per 100 
feet
Plants 
per 100 
feet
Per cent 
composition
Intercept 
per 100 
feet
Plants 
per 100 
fee t
Per cent 
composition
Achillea lanulosa 0.1 1.0 0.9
Antennaria sp. 0.2 2.5 1.9 0.1 1.0 0.6
Artemisia tridentata 12.3 20.0 75.5
A. tr ip artita 1.2 7.0 7.4
Carex f i l i f o l i a 0.6 5.0 5.7 0.1 1 .0 0.6
Briogonum sp. 0.2 1.5 1.9
Geranium viscosissimum 0.2 2,0 1.9
Koeleria cr ista ta 0.3 3.0 2.8
Lithospermum ruderale 0.2 0.5 1.9
Lupinus sericeus 0.1 0,5 0.9
Poa pratensis 0.6 4.5 5.7 2.3 21.0 14.1
Potentilia  sp. 0.1 0.5 0.9
Solidago sp. 0.6 4.0 5.7 0.3 4.0 1.8
Stipa Columbiana 0.6 5.0 5.7
S . comata 6.6 49.0 62.2
Others 0.2 1.5 1.9
Total 10.6 100.0 16,3 100.0
s
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FIGURE 13  
TREE-LIKE SAGEBRUSH STAND ON SANDY
s o n ,  IN ROCHESTER CREEK BASIN
'4'f ‘
FIGURE 14
MODERATELY AND HEAVILY USED PASTURES 
ON VifES POLLEY RANCH NEAR HEUrVILLE
4 2
secu n da was r e l a t i v e l y  unchanged in  th e  two p a s tu r e s  (T ab le  V III)*
The t e x t u r a l  c l a s s  o f  th e  dark c h e s tn u t  s o i l s  in  each  p a stu re  was 
a c la y  loam* The g e n t le  n o r th  s lo p e ,  g e n e r a l ly  l e s s  than  10 p e r  c e n t ,  
was s im i la r  i n  th e  two p a s tu r e s .
F iv e  5 - f o o t  ra d iu s  s y s t e m a t ic a l ly  sp aced  p lo t s  were e s t a b l i s h e d  
i n  each  p a s tu r e  in  o rd er  t o  d eterm in e th e  d i s t r ib u t io n  o f  sageb ru sh  by 
s i z e  c la s s e s *  As was tr u e  in  th e  G rass V a lle y  a r e a , a s im ila r  s i z e - c l a s s  
d i s t r ib u t io n  was found in  th e  two p a stu re s*  However, a p p ro x im a te ly  tw ic e  
as many sa geb ru sh  p la n ts  w ere found  p er  p lo t  in  th e  h e a v i ly  g ra zed  as  
w ere found in  th e  l i g h t l y  g razed  p a stu re*  Three dead sageb ru sh  p la n ts  
w ere found p er  p lo t  in  th e  l i g h t l y  u sed  p a s tu r e , and o n ly  0 .4  dead p la n ts  
p er  p lo t  in  th e  h e a v i ly  u sed  p a s tu r e  (T ab le  I I I ) .  A p p aren tly  sagebrush  
was d e c r e a s in g  under l i g h t  u se  and rem ain in g  r e l a t i v e l y  s t a b le  in  th e  
h e a v i ly  u sed  p a s tu r e .
A cem etery  r e l i c t  was found n ea r  th e  town o f  H e lm v ille  ( f i g .  15 )*  
The v e g e t a t io n  w ith in  th e  cem etery  fe n c e  was composed p r im a r ily  o f  
Agropyron sp ica tu m * F e stu c a  id a h o e n s is  * F. s c a b r e l la , Tetradym ia sp* 
and s c a t t e r e d  sa geb ru sh  p la n t s .  A lthough th e  area  was fe n c e d  around 
1 9 0 0 , d is tu r b a n c e  o f  th e  a r e a , p r im a r ily  through  sp o r a d ic  b u rn in g , has 
o c c u r r e d . The a r e a , how ever, was n ot burned f o r  a t  l e a s t  th e  10 y ea rs  
p r io r  t o  1 9 5 2 .—
One h a l f  m ile  e a s t  o f  th e  H e lm v ille  cem etery  a fe n c e  d iv id e d  a 
m o d er a te ly  grazed  range from  th e  h e a v i ly  u sed  a rea  surrou nd in g  th e  c e ­
m etery . The h e a v i ly  g razed  sageb ru sh  ty p e  was found to  c o n ta in  a  
s p a r se  c o v er  o f  s m a ll ,  u n t h r i f t y  b u n c h g ra sse s , in c lu d in g  p r im a r ily
2 P e r so n a l com m unication w ith  Mr, N e i l  S p ie k e r , H e lm v il le ,  
M ontana. June 2 3 , 1 9 5 2 .
TABLE V II I
COt'IPOSITION OF Tm ADJACENT
RANGS AREAS, HEUIVILLE, MONTANA
Lightly grazed Heavily grazed
Species
Intercept 
per 100 
feet
Plants 
per 100 
fee t
Per cent 
Composition
Intercept 
per 100 
feet
Plants 
per 100 
fee t
Per cent 
composition
Agropyron spicatum 4*0 25 11,4
Antennaria sp. 2,9 20 8.3 0.7 6 1.8
Artemisia tridentata 15,1 18 43.0 31.2 38 83.0
C astillaja  sp. 0.5 5 1.4 0,2 2 0.5
Cerastium arvense 0.9 7 2.6 1.8 16 4.8
Crepis sp. 0.2 2 0.6 0.2 2 0.5
Erigeron sp. 0.3 3 0.8
Festuca idahoensis 1 .2 6 3.4
F, scabrella 5.5 21 15.7
Geum triflorum 0,3 2 0.8
Heuchera sp. 0.1 1 0.3
Koeleria cristata 1.5 13 4.3
Lupinus sp. 0,1 1 0.3 0,1 1 0.3
Phlox sp. 0.4 3 1.1
Poa secunda 2.5 20 7.1 2.7 24 7.2
Senecio sp. 0.2 2 0.5
Taraxacum o ffic in a le 0,1 1 0.3
Total 35.1 100,0 37.6 100.0
f -w
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Poa secu n d a  and K o e le r ia  c r i s t a t a » Agropyron sp icatu m  was r a r e , and 
F e stu c a  id a h o e n s is  and F . s c a b r e l la  w ere a b s e n t .  The ty p e  was e s t im a te d  
t o  produce l e s s  th an  100 pounds o f  a ir - d r y  g r a s s  p e r  a cre  p er  y e a r . The 
m o d er a te ly  g ra zed  s a g e - f r e e  a rea  e a s t  o f  th e  f e n c e ,  on th e  o th e r  ia n d , 
had a h ig h  d e n s i t y  o f  h e a lth y ,  v ig o r o u s  b u n ch grasses dom inated by 
Agropyron sp ica tu m . F e stu c a  id a h o e n s is  and F , s c a b r e l la . A few  s c a t t e r e d  
p la n t s  o f  T etradym ia s p . occu rred  th ro u g h o u t. F s t im a te a  t o t a l  a ir - d r y  
g r a s s  p r o d u c tio n  was p ro b a b ly  sev en  t o  e ig h t  t im e s  as much a s th e  sa g e ­
brush  t y p e  a c r o s s  th e  fe n c e  ( f i g .  1 6 ) .  No ev id e n c e  o f  r e c e n t  or  p e r io d ic  
f i r e s  was fou nd  i n  th e  v i c i n i t y .
D i l l o n . S e v e r a l r e l i c t  a rea s  were found in  th e  la r g e  sageb ru sh  
a re a  a d ja c e n t  t o  D i l lo n  ( f i g .  17 a ,  b ) .  S o i l  sam ples ta k en  on a d ja cen t  
s im i la r  s i t e s  in d ic a t e  no s ig n i f i c a n t  s o i l  d i f f e r e n c e s  betw een th e  
g r a s s la n d  and sa geb ru sh  t y p e s .  No f l o r i s t i c  a n a ly s is  was made in  
t h i s  a r e a .
C e n te n n ia l V a l le y . Two p a s tu r e s ,  sep a ra ted  by a barbed w ire  
f e n c e  and a cou n ty  d i r t  ro a d , w ere s tu d ie d  w ith  r e fe r e n c e  p r im a r ily  to  
r e in v a s io n .  P a stu r e  A, n o r th  o f  th e  ro a d , was u nbum ed , w h ile  P astu re  
B, so u th  o f  th e  road , was burned i n  1 9 4 7 , f i v e  y e a r s  b e fo r e  th e  p r e se n t  
s tu d y . F iv e  5 - f o o t  r a d iu s  c i r c u la r  p l o t s  were e s ta b l i s h e d  s y s t e m a t ic a l ly  
in  each  p a s tu r e .  The r e s u l t i n g  a n a ly s i s  showed a s i z e - c l a s s  d i s t r ib u t io n  
p a t te r n  e s s e n t i a l l y  s im i la r  t o  th e  p r e v io u s  a rea s  s tu d ie d  (T ab le I I I ) .  
Both a r e a s  w ere m o d er a te ly  g ra zed  a t  th e  tim e o f  th e  s tu d y , and th e  v e r y  
good g r a s s  c o v e r  in  th e  burned a rea  was e f f e c t i v e l y  com peting w ith  th e  
sa g eb ru sh  r e p r o d u c t io n . A p p rox im ately  e le v e n  t im es  as many sageb ru sh  
p la n t s  w ere found p er  p lo t  on th e  unburned as on th e  burned a rea  
( f i g  18 a ,  b ) .
45
-:iW '.W&#
FIGURE 15
RELICT Agropyron STAND IN HEDÆVILLE CEMETERY 
SURROUNDED BY HEAVILY USED SAGEBRUSH RANGE
/
FIGURE 16
HEAVILY USED SAGEBRUSH RANGE AND MODERATELY USED 
A grop yron -F estu ca  RANGE NEAR HEIAWILLE
4 6
FIGURE 17A
RELICT ROAD RIGHT-OF-WAY IN OLD SAGEBRUSH STAm
NEAR DILLON
FIGURE 17B
HEAVILY GRAZED SAGEBRUSH RANGE AND MODERATELY GRAZED 
Agropyron- S t ip a  RANGE ON GRASSHOPPER CREEK NEAR DILLON
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FIGURE ISA  
MATURE SAGEBRUSH STAND AT LAKEVIEIV,
CENTENNIAL VALLEY. PHOTOGRAPHED JUNE, 1952
,W!*
FIGURE 18B
SAGEBRUSH STAND AT LAKEVM7, BURNED IN 1947  
PHOTOGRAPHED JUNE 1952
4 8
C l i f f  Lalce N a tu ra l A rea. The g e n e r a l v e g e t a t io n  o f  th e  C l i f f  
Lake N a tu ra l Area has been  d e sc r ib e d  by P e te r so n  (1 9 5 3 ) .  The r e l a t i v e ­
l y  op en , s c a t t e r e d  sta n d s  o f  sageb ru sh  in  t h i s  m o is t  area  are i n t e r ­
s p e r se d  w ith  a lu x u r io u s  co v er  o f  s e d g e s ,  g r a s s e s ,  and p e r e n n ia l fo r b s  
( f i g .  1 9 ) .  The s o i l  in  th e  area  i s  a dark c h e s tn u t ,  deep and apparent­
l y  f e r t i l e .  The area  has been  un grazed  by d om estic  l i v e s t o c k  s in c e  
1 9 4 8 , and but l i g h t l y  g ra zed  in  th e  y e a r s  p r e v io u s  t o  th a t  d a te ,  due 
l a r g e l y  t o  th e  a b sen ce  o f  s to c k  w a te r . The area  has burned ov er  in  
th e  p a s t ,  cind c o n c e n tr a t io n s  o f  game have u n d ou b ted ly  occu rred  in  th e  
a rea  from  tim e t o  t im e , A h e ig h t- fr e q u e n c y  a n a ly s is  r e v e a ls  a s t r ik in g  
d i f f e r e n c e  from  p r e v io u s  a r e a s .  Based on f i v e  5 - fo o t  ra d iu s  c ir c u la r  
p l o t s ,  th e  s i z e  d i s t r ib u t io n  o f  sa geb ru sh  v a r ie d  from  9 .1  p er  c en t in  
th e  0 to  3 in ch  group t o  1 5 .1  p er  c e n t  in  th e  28 to  30 in c h  group 
(T a b le  I I I ) .  The sm a ll number o f  young p la n ts  in  th e  stan d  p ro b a b ly  
in d ic a t e s  a d eca d en t c o n d it io n  in  th e  sageb ru sh  community d u e, in  p a r t ,  
t o  th e  c o m p e tit io n  o f  herb aceou s p la n ts  and to  th e  r e d u c tio n  o f  th o se  
f a c t o r s  w hich  p e r m itte d  th e  o r ig in a l  e s ta b lish m e n t  o f  th e  sagebrush  
c o lo n y ,
B lanchard  F l a t , F iv e  se p a r a te  p a s t u r e s ,  d i f f e r i n g  in  i n t e n s i t y  
o f  u se  and in  h i s t o r y  o f  u s e ,  were s tu d ie d  on B lanchard F la t  n ear  th e  
j u n c t io n  o f  th e  C lean r/ater and th e  B ig  B la c k fo o t  R ivers in  M isso u la  
C ounty, P a s tu r e s  1 ,  3 and 5  ̂ r e p r e s e n t in g  l i g h t  to  m o d era te ly  heavy  
u s e ,  had from  5 2 ,9  t o  7 5 .3  p er  ce n t o f  th e  v e g e t a t io n  composed o f  
A nroovron sp ic a tu m , F e s tu c a  id a h o e n s is , and F, s c a b r e l la . Sagebrush  
was n o t found in  any o f  t h e s e  p a s t u r e s .  The h e a v i ly  to  v e r y  h e a v i ly  
u sed  P a s tu r e s  2 and 4 had o n ly  2 3 .0  and 1 2 ,7  p e r  cen t co m p o sitio n  o f  
t h e s e  th r e e  g r a s s e s ,  r e s p e c t iv e ly .  The v e r y  h e a v i ly  used  P a stu re  2
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had no sa g eb ru sh ; th e  h e a v i ly  u sed  P a stu re  4  had 3 8 .2  p er  cen t o f  th e  
v e g e t a t io n  in  sa geb ru sh  (T a b le  IX)* P a stu re  4 ,  how ever, was an o ld  
sh eep  bed ground , and was p ro b a b ly  much more d e s t r u c t iv e ly  used  in  
y e a r s  p a s t .  Sagebrush  in  t h i s  area  was c o n fin e d  t o  th e  v i c i n i t y  
o f  th e  o ld  bed grounds and t o  th e  o n e -tim e  h e a v i ly  u sed  a d ja cen t  
a r e a s .
TABLE IX 
CaCPOSITIOM OF FIVE PASTURES 
ON BLANCHARD FLAT̂
Pasture 1 Pasture 2 Pasture 3 Pasture 4 Pasture 5
Species
In tercep t
f e e t
%
comp.
In tercep t
f e e t
g
comp.
In tercep t
f e e t
%
comp.
In tercep t
f e e t
%
comp.
In tercep t
f e e t
%
comp.
A ch illea  la n u lo sa 3.6 6.1 3.0 6.3 0.7 1.1 8.3 18.7 1.6 2.3
Agropyron spicatum 25.3 42.9 10.7 22.5 3.4 5.2 4.7 10.6 34.2 49.4
Antennaria sp . 3.0 6.3 2.9 4.5 5.4 12.1 0.7 1.0
A rtem isia tr id e n ta ta 17.0 38.2
Carex f i l i f o l i a 2.8 4.7 4.0 6.2 4.0 9.0 1.4 2.0
C hrysopsis sp . 6.1 12.8 0.2 0.3 0.6 0.9
Danthonia u n isp ic a ta 13.2 22.3 1.0 2.1 15.5 22,4
Erigeron sp . 1.0 1.7 0.3 0.5 1.9 4.3 0,2 0.3
Eriogonum sp . 0.9 1.4
F estuca id ah oen sis 0.1 0.2 0.1 0.2 34.2 52.6 0.4 0.9 0.6 0.9
F, s c a b r e lla 0.7 1.2 0.2 0.4 11.4 17.5 0.7 1.6 1.9 2.7
Geum tr ifloru ra 0.3 0.5 2.9 6.1
K oeleria  c r is t a t a 2.7 4.6 1.4 3.0 0.4 0.6 0.6 1.3 2.6 3.8
Phlox 8pp. 5.9 10.0 2.4 5.1 0.1 0.2 0.7 1.6 7.8 11.3
Poa secunda 0.1 0.2 2.9 6.1 0.2 0.4
P o t e n t i l la  spp. 1.0 1.7 2.7 5.7
S enecio  sp . 1.2 1.8
Solid ago  sp . 2.3 3.9 11.1 23.4 5.3 8.1 0.6 1.3 2.1 3.0
Total 59.0 100.0 47.5 100.0 65.0 100.0 44.5 100.0 69.2 100.0
1 Pasture 1 SB o f Clearvmter C rossing on west s id e  o f fen ce (m oderately used); Pasture 2
SB o f Clearwater C rossing on ea s t  s id e  of fen ce  (very h e a v ily  u sed); Pasture 3 op p osite  sagebrush
area toward ranch headquarters on north s id e  of road ( l i g h t ly  u sed); Pasture 4 in  sagebrush area
south s id e  of road (h e a v ily  u sed ); Pasture 5 SB o f Clearwater C rossing north of game range fen ce
( l i g h t l y  used),,
2 For 150 f e e t  o f tr a n se c t  in  each area.
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DISCUSSION
S agebrush  o ccu rs  th rou gh ou t w este rn  Montana under a w ide range  
o f  en v iro n m en ta l c o n d it io n s *  I t  i s  found  on a v a r ie t y  o f  t e x t u r a l  
c l a s s e s  o f  chernozem , c h e s tn u t  and brown s o i l s  under from  l e s s  th an  
10  t o  more th an  20 in c h e s  o f  p r e c ip i ta t io n *
H is to r y  o f  u se  i s  p ro b a b ly  th e  m ost im p ortan t f a c t o r  a f f e c t i n g  
sa g eb ru sh  d i s t r ib u t io n  in  w e ste rn  Montana* % en p la n t  com m unities—  
sa g eb ru sh  and n o n -sa g eb ru sh — are  grouped by i n t e n s i t y  o f  l i v e s t o c k  
u s e ,  th e  e f f e c t  o f  d is tu r b a n c e  becomes more apparent (T ab le  X ),
Sageb ru sh  was n o t fou n d  to  o ccu r  on r e l i c t  a rea s  or  on l i g h t l y  
u se d  ran ges w ith in  th e  a rea  s tu d ie d .  I t  was o c c a s io n a l ly  fo u n d , how ever, 
on raw, u n d ev elo p ed  s o i l s  or  on o th e r w ise  d is tu r b e d  s i t e s  w ith in  p r e s e n t ­
l y  l i g h t l y  g ra zed  o r  r e l i c t  a r e a s .  Sagebrush o f te n  occu rred  on h e a v i ly  
g ra zed  ran ges on chernozem  and dark c h e s tn u t  s o i l s ,  and on m o d era te ly  
o r  h e a v i ly  g razed  l i g h t  c h e s tn u t  and brown s o i l s *  O b servation  in d ic a te d  
t h a t  red u ced  g r a z in g  p r e s su r e  cau sed  a marked d e c l in e  in  sageb ru sh  domin­
a n c e , E xcept i n  a r e a s  o f  d en se  sa g eb ru sh  where few  remnant c lim a x  
g r a s s e s  rem ain , o r  on erod ed  o r  u n d evelop ed  s o i l s ,  p rop er g r a ss la n d  
management may be e x p ec ted  t o  r e tu r n  s a g e b r u s h - in fe s te d  a rea s  to  t h e i r  
o r i g i n a l  g r a s s  dom inance.
Some h e a v i ly  g razed  a r e a s ,  w h ile  a d ja c en t to  sageb ru sh  s ta n d s ,  
w ere n o t in vad ed  b y  sa g eb ru sh . Examples o f  t h i s  were a ls o  found in  
G rass V a l le y ,  K le in sc h m itt  F l a t ,  R adersburg, and n ear B u tte , F urther  
s tu d y  may r e v e a l  th e  p o s s ib l e  c a u se s  o f  t h i s  c o n d it io n .
W hile i t  i s  g e n e r a l ly  assumed th a t  sageb ru sh  o c c u p ie s  r a th e r  
d ry  s i t e s ,  i t  was g e n e r a l ly  found on more m esic  s i t e s  than  th e  a s s o c ia t e d
TABLE X
SAGEBRUSH OCCURRENCE IN VjESTERN MONTANA 
AS RELATED TO SOILS AND GRAZING USE
Palouse and 
mixed p r a ir ie
18 + in ch es  
p r e c ip ita t io n
Chernozems
12-18 in ch es  
p r e c ip ita t io n
Chestnuts
L ess than 12 
in ch es
p r e c ip ita t io n
Bro™ s o i l s
Sandy loams to  loams Clay loams to  c la y s
L ight use Heavy use Light use Heavy use
L in co ln -F estu ca , Wisdom-sagebrush 
Agropyron 
H elm v ille -f e s tu c a ,
Agropyron
Barber- S tip a  
comat a
H elm ville  Ceme­
te r y -  Agropyron 
Hagen Ranch- 
Agropyron
D illo n -S t ip a ,
Bouteloua
K lein sch m itt- Poa, 
K oeleria  
Garden C r.-Sage­
brush 
Red Rock Lake­
sagebrush  
Line oln-sageb  rush 
Barber-sagebrush
Radersburg- sage­
brush 
H elm ville , sage­
brush 
Hagen Ranch­
sagebrush  
D illon-sagebrush
Manger Ranch­
sagebrush
Blanchard F la t-  
Agropyron
F lorence- 
Agropyron 
D illo n -B outeloua, 
Agropyron
Finn-sagebrush  
Frenchtown-sage- 
brush 
De s champs-Chryso- 
thamnus 
Blanchard F la t­
sagebrush  
B u tler  C r ,-sa g e-  
brush
Radersburg- 
B outeloua, 
Agropyron 
Hot Springs­
sagebrush
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g r a s s  ty p e s*  T h is  was t r u e  n ear th e  summit o f  th e  G r a v e lly  Range a t  
8 ,5 0 0  f e e t  e l e v a t io n ,  a s  w e l l  a s  in  th e  d r ie r  a rea s  n e a r  M isso u la  and 
D il lo n  ( f i g s .  12  a ,  b and 20)*
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FIGURE 19  
DECADENT SAGEBRUSH STAIVD 
CLIFF LAKE BENCH
FIGURE 20
SAGEBRUSH ON NORTH EXPOSURE, 8 ,5 0 0  FEET ELEVATION 
VIGILANTE EXPERIMENTAL RANGE
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SUmARY
A ll  known sa g eb ru sh  com m unities i n  Montana w est o f  th e  1 0 9 th  
m erid ia n  were mapped, F l o r i s t i c  a n a ly s e s  and s o i l  sam ples were ta k en  
a t  r e p r e s e n t a t iv e  l o c a t io n s  in  sageb ru sh  and a d ja ce n t n on -sageb ru sh  
co m m u n itie s.
S agebrush  and n o n -sa g eb ru sh  a r e a s  were compared on th e  b a s is  o f  
s o i l  t e x t u r e ,  o rg a n ic  m a tte r , pH and s a l i n i t y .
V e g e ta t io n  was a n a ly ze d  by l i n e  t r a n s e c t s  and h e ig h t- fr e q u e n c y
t a b l e s .
S o i l ,  p r e c i p i t a t i o n  and e l e v a t io n a l  d i f f e r e n c e s  were n o t adequate  
t o  e^qplain sa g eb ru sh  o ccu rren ce  in  w estern  M ontana,
On th e  b a s i s  o f  th e  a r ea s  s tu d ie d ,  g r a z in g  u se  and o th e r  d is t u r ­
bance f a c t o r s  b e s t  e x p la in  p r e s e n t  sa g eb ru sh  d i s t r ib u t io n  p a t te r n s .
Sagebrush  was g e n e r a l ly  found  on more m esic  s i t e s  th a n  a s s o c ia t e d  
g r a s s la n d  t y p e s .
56
BIBLIOGRAPHY
57
B l a i s d e l l ,  J .  P . 1953* E c o lo g ic a l  e f f e c t s  o f  p lan n ed  b u rn in g  on sage^  
b r u sh -g r a s s  range on th e  upper Snake R iv er  P la in s .  U. S . D ep t. 
A gr. Tech. B u l l .  1 0 7 5 .
B o o th , W. E, 1 9 4 7 . The e f f e c t  o f  g r a s s  c o m p e tit io n  on th e  growth and 
r e p r o d u c tio n  o f  b ig  sa g eb r u sh , A r tem is ia  t r id e n ta ta  N u tt . P roc , 
M ont. Acad. S c i .  7 : 2 3 -2 4 .
B ouyoucos, G, J ,  1 9 5 1 . A re  c a l ib r a t io n  o f  th e  hydrom eter method f o r  
m aking m ech a n ica l a n a ly s is  o f  s o i l s .  Agron. J o u r . 43 : 4 3 4 -4 3 7 . 
C a n f ie ld ,  R, H. 1 9 4 1 . A p p lic a t io n  o f  th e  l i n e  in te r c e p t io n  method in  
sa m p lin g  range v e g e t a t io n .  J o u r . F or . 39: 3 8 8 -3 9 4 .
C lem en ts , F , E, 1 9 2 8 . P la n t  s u c c e s s io n  and in d ic a t o r s .  453 pp.
The W. H. W ilso n  C o ., New York.
 . 1 9 3 4 . The r e l i c t  m ethod in  dynamic e c o lo g y . Jo u r . E c o l.
22: 39- 68.
__________• 1 9 3 6 . N ature and s tr u c tu r e  o f  th e  c lim a x . Jo u r . E c o l .
24 : 2 5 2 -2 8 4 .
and V. E . S h e lfo r d . 1 9 3 9 . B io -E c o lo g y . 425 pp . John W iley
and S o n s , New York.
C ooper, H. W. 1 9 5 3 . Amounts o f  b ig  sageb ru sh  in  p la n t  com m unities
n ea r  T e n s le e p , V/yoming a s  a l 'fe c te d  by g ra z in g  tr e a tm e n t. E c o l.  
34; 1 8 6 -1 8 9 .
C raddock, G, W. and C, L. F o r s l in g .  1 9 3 8 . The in f lu e n c e  o f  c lim a te  and 
g r a z in g  on s p r i n g - f a l l  sheep  range in  so u th ern  Id ah o . U. S ,
D ep t. A gr. T ech. B u l l .  6 0 0 .
D aubenm ire, R. F . 1 9 4 0 . P la n t  s u c c e s s io n  due t o  o v e r g r a z in g  in  th e
Agropyron b unchgrass p r a ir i e  o f  s o u th e a s te r n  V /ashington. E c o l.
2 1 : 55- 6 4 .
58
,  1 9 4 2 . An e c o lo g ic a l  s tu d y  o f  th e  v e g e t a t io n  o f  so u th e a s te r n
W ashington and a d ja c e n t  Id a h o . E c o l .  Monogr. 1 2 : 53-79*
 _____. 194-6. The l i f e  zone problem  i n  th e  N orthern In term ou n ta in
R eg io n . N orthw est S c i .  20 : 2 8 -3 8 .
D a v is ,  Ray J .  1 9 5 2 . F lo r a  o f  Id ah o . 828 pp. VJm. C. Brown C o .,
Dubuque, Iow a.
E g g le r ,  W. A. 1 9 4 1 . P rim ary s u c c e s s io n  on v o lc a n ic  d e p o s it s  in  
so u th ern  Id a h o . E c o l .  Monogr. 3: 2 7 7 -2 9 8 .
F o r e s t  S e r v ic e *  1 9 3 6 . The W estern Range. S en a te  Doc. 1 9 9 . 7 4 th .
C ongress#
________ . 1 9 3 7 . Range p la n t  handbook. Government P r in t in g  O f f ic e .
Frem ont, John C. 1 8 4 6 . N a rr a tiv e  o f  th e  e^q^loring e x p e d it io n  to
th e  Rocky M ou n ta in s, in  th e  y ea r  1842; and to  Oregon and n orth  
C a l i f o r n ia ,  in  th e  y e a r s  1 8 4 3 -4 4 . 305 p p . L, W. H a ll ,  B o sto n .
Hayden, S , V. 1 8 7 1 . U. S . g e o lo g ic a l  su rv ey  o f  Montana and a d ja ce n t  
T e r r i t o r i e s .  Government P r in t in g  O f f ic e .
H itc h c o c k , A. S , 1 9 5 0 . îvianual o f  th e  g r a s se s  o f  th e  U n ited  S t a t e s .
1051 pp . U. S , D ep t. A gr. M isc . Pub. 200 .
Hormay, A, L. 1 9 4 9 . G e tt in g  b e t t e r  reco rd s  o f  v e g e t a t io n  changes math 
th e  l i n e  in t e r c e p t io n  m ethod. J o u r . Range M angt. 2: 67- 6 9 .
Humphrey, R. R. 1945» Common range ty p e s  o f  th e  In la n d  P a c i f i c  N orth­
w e s t .  N orthw est S c i .  1 9 : 3 -1 1 .
Lommasson, T. 1 9 4 8 . S u c c e s s io n  in  sa g eb ru sh . J o u r . Range Mangt.
1 : 1 9 - 2 1 .
M erk le , F . G-. and E , C. D u n cle . 1 9 4 4 . S o lu b le  s a l t  c o n ten t o f  g reen ­
hou se s o i l s  as a d ia g n o s t ic  a id .  J o u r . Amer. S o c . Agron. 36: 1 0 -1 9 .
59
M o r r is , M, S . 1945* An e c o l o g i c a l  b a s is  f o r  th e  c l a s s i f i c a t i o n  o f  
Montana g r a s s la n d s .  P r o c . Mont. Acad. S c i .  $ ; 4 1 -4 9 .
O o s t in g , H. J .  1 9 4 8 . The s tu d y  o f  p la n t  com m unities. 389 pp.
W. H. Freeman and C o ., San F r a n c is c o .
P ech a n ec , J .  F , and G-eorge S te w a r t . 1 9 4 9 . G razing s p r in g - f  a l l  sheep  
ran ges o f  so u th ern  Id a h o . U, S . D ept. Agr. C ir c . 808 ,
P e te r s o n , R. A. 1 9 5 3 . C l i f f  Lake N a tu ra l A rea. P ro c , Mont. Acad,
S c i .  13s 2 9 -3 4 .
P ie m e is e l ,  R. L . 1 9 3 8 , Changes in  væedy p la n t  cov er  on c le a r e d  sa g e ­
b ru sh  la n d  and t h e ir  p ro b a b le  c a u s e s , U. S . D ept. A gr. Tech.
B u l l .  65 4 .
Sampson, A. V/. 1 9 5 2 . Range management. 570 p p . John W iley  and S o n s,
New York.
S c h r e in e r , O. and B, E, Brown. 1 9 3 8 , S o i l  n it r o g e n . ^  S o i l s  and men.
U. S . D ep t. A gr. Yearbook o f  A g r ic u ltu r e ,
S te w a r t , G ., Cottam , Vf. P . ,  and S , S . H u tch in g s. 19 4 0 . I n f lu e n c e  o f
u n r e s t r ic t e d  g r a z in g  on th e  n o rth ern  s a l t  d e s e r t  p la n t  a s s o c ia t io n s  
o f  w este rn  U tah . J o u r . A gr. R es, 60: 2 8 9 -3 1 5 .
S to d d a r t , L . A. 1 9 4 1 . The P a lo u se  g r a ss la n d  a s s o c ia t io n  o f  n orth ern  
U tah , E c o l .  22 : 1 5 8 -1 6 3 .
S to d d a r t , L, A. and A, D, S m ith . 1 9 4 3 . Range management. 547 pp.
M cGraw-Hill Book C o ., New York.
T horne, D. W. and H. B. P e te r s o n . 1 9 4 9 . I r r ig a te d  s o i l s ,  288 pp.
The B la k is to n  C o ., New York.
T h o rn th w a ite , C. Vf, 1 9 3 1 . The c lim a te  o f  N orth Am erica, Geogr. Rev.
21: 6 3 3 -6 5 5 .
60
• 1 9 5 2 . G rasslan d  c l im a t e s .  P ro c . S ix th  I n t .  G rassland
C ongress V o l. 1 :  6 6 7 -6 7 5 .
T is d a le ,  E . ViT. 1947- G rasslan d s o f  so u th ern  i n t e r io r  o f  B r i t i s h  
C olum bia. E c o l .  26; 3 4 6 -3 3 2 .
W eaver, J . E, and F, E , C lem en ts. 1 9 3 3 . P la n t  e c o lo g y . 601 pp.
l-cG raw -H ill Book C o ., New York.
V fild e , S . A. 1 9 4 2 . R apid c o lo r im e tr ic  d e term in a tio n  o f  s o i l  o rg a n ic  
m a tte r . P ro c . S o i l  S c i .  S o c , America 7* 393-394*
6 1
APPENDIX
6 2
S o i l
No.
D ate L o ca tio n
SOIL
V eg.
SMTLES
DM T ex t. 
C la ss
M o ist,
%
pH PPM
S a l in i t
1 a .̂“-10— 52 M isso u la G 1 .5 C 1 9 .8 7 .3 560
b c 2 2 .5 8 .0 320
c S i 1 6 .9 7 .8 4800
2 a 4 - 2 2 -5 2 M isso u la S 4 .3 C 3 5 .0 6 .6 40
b c 2 6 .4 6 .7 80
c c 2 2 .6 7 .1 460
3 a 4 -2 2 -5 2 M isso u la S 3 .5 c 3 6 .8 6 .3 370
b c 2 8 .2 6 .3 m in.
c 0 2 5 .8 6 .4 jnin.
h a 4 —24“'52 S t e v e n s v i l l e G 1 .4 LS 1 1 .5 6 .9 m in.
b SCL 1 1 .2 7 .1 m in.
c SOL 1 1 .7 8 .1 320
5 a 4 -2 4 -5 2 S te v e n sv i l l e S 1 .2 SL 1 1 .1 6 .6 m in.
b SL 1 3 .6 7 .2 180
c SL 1 1 .6 8 .4 420
6 a 5 - 6 -5 2 S t e v e n s v i l l e G 1 .2 SiCL 1 8 .9 6 .1 m in.
b SL 1 2 .5 6 .6 220
c L 1 6 .0 8 .0 800
7 a 5 - 6 -5 2 M isso u la S 1 .7 G 1 9 .5 7 .0 280
b C 1 8 .5 7 .8 400
c C 1 6 .6 7 .7 4 ,8 0 0
8 a 5“ 6—52 M isso u la S 2 .5 C 1 9 .1 7 .1 200
b c 1 9 .0 7 .8 980
c c 1 5 .1 8 .0 3 ,7 0 0
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S o i l
No,
D ate L o ca tio n V eg. CM T e x t,
C la ss
M o ist ,
%
pH PPM 
S a l in i
9 a 5 -  7 -5 2 M isso u la S 3 .5 C 3 8 ,0 6 .4 160
b G 2 3 .8 6 .5 200
c C 1 0 .5 7 .6 300
10 a 5 -1 3 -5 2 H e lm v ille G 3 .2 L 3 5 .0 6 .0 100
b SCL 3 4 .0 6 .1 80
c SL 2 4 .3 6 .6 80
11 a 5 -1 3 -5 2 H e lm v ille S 1 .6 SL 2 0 ,5 6 .5 100
b SL 1 6 .4 6 .8 m in.
c SL 1 1 .7 8 .0 380
12  a 5 -1 6 -5 2 Hot S p rin g s s 3 .0 L 1 2 .5 6 .6 m in.
b L 1 4 .5 6 .5 100
c - ——— —— — —
13 a 5 -1 6 -5 2 Hot S p r in g s S 1 .4 C 1 2 .1 8 .6 2 ,7 0 0
b c 1 5 .1 8 .0 6 ,6 0 0
c c 1 5 .7 8 .5 800
1 4  a 5 -1 6 -5 2 Hot S p r in g s G 0 .2 SiC 1 0 .5 9 .8 3 ,8 0 0
b C 1 3 .2 1 0 .1 6 ,8 0 0
c C 1 4 .2 9 .9 4 ,2 0 0
15  a 5 -2 3 -5 2 Mis s o u la G 2 .5 L 1 1 .5 6 .6 200
b L 1 5 .0 6 .9 200
c L 1 2 .0 7 .5 340
16 a 5 -1 1 -5 2 Wisdom S 4 .2 SL 5 .9 200
b SL — — * 6 .0 m in.
c SL 6 .1 m in.
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S o i l
No,
D ate L o c a tio n V eg, OM T ex t.
C la s s
M o is t ,
%
pH PPM
S a l in i
17 a 5 -1 3 -5 2 D i l lo n S 1 .3 L 7 .2 6 ,6 240
b CL 1 5 .3 8 ,0 880
c CL 1 3 .5 8 .1 1 ,7 2 0
18 a 5 -1 3 -5 2 D i l lo n G 1 .6 SL 1 5 .0 7 .8 260
b L 1 7 .3 7 .8 900
c SiL 1 6 .2 7 .4 4 ,2 0 0
19 a 5 -1 7 -5 2 Lima S 2 .7 SL 6 .7 6 .3 m in.
b LS 6 .2  - 6 .5 m in.
c SL 9 .8 6 .9 200
20 a 5 -1 7 -5 2 Lima G 1 .0 S 3 .5 6 .5 120
b S 4 .0 6 ,4 m in.
c S 5 .7 6 .5 m in.
21 a 7 -2 9 -5 2 Barber G 2 .3 SCL 5 .7 7 .8 280
b CL 6 .9 8 ,0 320
c CL 4 .8 8 ,2 1 ,3 6 0
22 a 7 -2 9 -5 2 B arber S 1 .2 SC 6 ,7 7 .5 200
b C 1 3 .4 8 .2 700
c C 1 4 .4 8 ,4 1 ,8 4 0
23 a 7 -3 0 -5 2 Radersb u rg S 1 .7 SCL 5 .2 7 .2 380
b SCL 9 .2 8 ,1 460
c SL 5 .9 8 .2 320
24 a 7 -3 0 -5 2 R adersburg G 1 .6 CL 9 .2 8 .0 380
b L 1 0 .6 8 .3 280
c SL 8 .9 8 .7 640
25 a 7 -3 0 -5 2 R adersburg G 2 ,2 SL ——— 7 .5 400
b SL ———— 8 .1 600
c SL 7 .1 1 ,3 6 0
6 5
S o i l
No,
D ate L o c a tio n V eg. OM T ex t.
C la ss
M o is t .
%
pH PPM
S a l in i i
26 a 7 -3 1 -5 2 lîVhite S u lfu r S 4 .3 CL — —— 7 .0 400
b CL — — 7 .6 340
c CL ——— 8 .0 400
27 a 8 -1 2 -3 2 M isso u la 2 .5 C — — 7 .4 380
b C — — 7 .8 460
c S i — — 7 .9 5 ,2 0 0
28 a 8 -1 2 -5 2 M isso u la G 2 .3 C — — 7 .4 620
b C ———— 8 .3 1 ,9 2 0
c c — — 8 .1 2 ,9 0 0
29 a 8 -1 4 -5 2 H e lm v ille G 3 .0 SL — — 6 .1 100
b SL ——— 6 .6 m in.
c SL — — 7 .2 280
30 a 8 -1 4 -5 2 L in c o ln G 4 .5 L —— 6 ,0 m in.
b SL ———— 6 .1 m in.
c L —— — 6 .1 m in.
31 a 8 -1 4 -5 2 L in c o ln S 2 .7 SL — — 5 .9 m in.
b SL — — 6 .2 min.
c SL — — 6 .4 m in.
32 a 8 -1 5 -5 2 F inn S 2 .6 SCL — — 6 .0 100
b c —— — 6 .9 960
c C — — 7 .6 1 ,1 0 0
33 a 8 -1 5 -5 2 H e lm v ille G 1 .7 SL ——— 6 .2 m in.
b SCL — —— 6 .9 440
c CL 7 .7 500
X R ab b itb ru sh  ( Chrvsothamnus s p . )
